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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 3271

THERMODYNAMIC PROPERTIES OF GASEQUS NITROGEN

By Harold W. Woolley
SUMMARY

The tables of thermal properties of molecular nitrogen that have
been prepared in an NBS-NACA series have been grouped together herein
for convenient use. They include the thermodynamic functions for the
gas, both real and ideal, the transport properties for the gas, and the
vapor pressure of the liquid and the solid. A table of the ideal-gas
properties 1s presented, including the specific heat at constant pres-
sure, enthalpy, entropy, and the free-energy function; and a table giving
these same properties for atomic nitrogen is also included., The tables
of the real-gas thermodynamic properties include density, compressibility
factor, entropy, enthalpy, specific heat at constant pressure, ratio of
specific heats, and velocity of sound at very low frequency.

For the tables of real-gas thermody'namic properties the entries are
for pressures of 0.01, 0.1, 0.4, 0.7, 1, 4, 7, 10, 40, 70, and 100 atmos-
pheres. The temperatures cover the range from lOOO K or slightly above,
up to 3,000o . The method of correlation of the pressure-volume-
temperature data permits the calculation of tables far beyond the range
of the experimental points. This is accomplished, with some sacrifice
of fit in certain regions, by the assumption of a reasonable represen-
tation of the forces within clusters of molecules.

Tables are also included for the viscosity, thermal conductivity,
and Prandtl number. The viscoslity 1s tabulated as a function of pressure,
the low-pressure values having been computed on the basis of the force
constants e/k = 91.46° K and ry = 3.681 A for the Lennard-Jones

6-12 model (where ¢ 1is the maximum energy of binding between molecules,
k 1s Boltzmann's constant, and r, 1is the classical distance of closest

intermolecular approach). The thermal conductivity was fitted to a purely
empirical equation, and the Prandtl number was computed in a straight-
forward manner from these and the specific-heat wvalues.

The vapor pressure for nitrogen is given in a table with values at
every 2° from 52 to 126° K for ready reference and with the values of
loglo P tabulated against uniformly spaced values of l/T to allow

accurate interpolation (where P 1is pressure and T 1s absolute temper-
ature). The latent heat of vaporization is also given for the tempera-
ture range 62° to 78° K.
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INTRODUCTION

Advances in methods of propulsion and the high speeds attained
thereby have focused attentlon on the need for accurate thermodynamic
data on a wide class of substances over wide ranges of pressure and tem-
perature. The substances include alr and its constituent gases, actual
and potential fuel systems and thelr oxidizers, and the products of com-
bustion. This is one of a series of reports on the thermodynamic and
transport properties of technically important gases compiled and calcu-
lated at the National Bureau of Standards at the suggestion and with the
financial assistance of the National Advisory Committee for Aeronautics.
The work conducted by members of the Thermodynamics Section, Heat and
Power Division, under the supervision of Mr. Joseph Hilsenrath, has been
described in part previously (refs. 1 to 5). This report 1s concerned
with the properties of gaseous nitrogen. Tables are included for the
thermodynamic functions for the gas, both ideal (tables 1 and 2) and
real (tables 3 to 9), the transport properties for the gas étables 10
to 12), and the vapor pressure of the liquid and the solid (table 13).

The computation of a set of mutually consistent tables of thermo-
dynamic propertles of nitrogen has been accomplished through the repre-
sentation of the data of state by a virial equation whose coefficients
were then used to calculate the derived thermodynamic properties. Since
the experimental PVT data are abundant, cover a wide range of tempera-
tures and pressures, and are usually very precise, the equation of state
1s an effective and efficient starting point for the calculation of the
other thermodynamic quantities.

In the representation of the PVI data for the NBS-NACA tables, the
objJective was to cover adequately the range of pressure from zero to a
maximm of 100 atmospheres and of temperature fram a minimum of 100° K
upward through the atmospheric and experimental range with a suitable
extrapolation to high temperatures but omitting the effect of dissoci-
ation. The maximum temperatures were thus limited to approximately
3,000° K. As the resulting tables were to be tabulated in terms of pres-
sure for convenlient use, the correlation was made directly in terms of
pressure., For most of the range of pressure and temperature desired,
the simple equation

Z = PV/RT = 1 + ByP + C;P® + D;P> (1)

appeared to be adequate. The coefficients B,, C;, and Dy are functions

of temperature and are related to the virial coefficlents in the analogous
equation in powers of reciprocal specific volume. The coefficients By,
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Ci, and D1 are given in table 14 for the generation of compressibility

values at the higher pressures where interpolation in the table proves
inadequate. The derivative functions of these coefficients are given
in table 15.

The pressure corrections to various thermodynsmic properties were
determined theoretically from the correlation of the data of state and
were combined with the values of the properties for the ideal gas to
obtain the complete real-gas properties apart from dissociation. In
this way tables 6, 7, and 9 were obtained. The methods used are based
on the thermodynamic relationships between the properties and the data
of state and are discussed by Woolley (ref. 2). Many details concerning
the actual computations will be found in succeeding sections of this
report and in the discussions of the tables.

Graphical representation of the estimated dissociation effects for
entropy and enthalpy are included. A higher dissociation energy of
approximately 9.764 electron volts as recommended by Gaydon (refs. 6
and T7) has been used. A number of lines of experimental evidence
(refs. 7, 8, 9, and 10) are now in agreement in pointing toward this
value in preference to Herzberg's earlier estimate of 7.373 electron
volts (ref. 11). A more extended discussion of the effects of dissoci-
ation for diatomic elements is given in an earlier report (ref. 12).

If nitrogen is present as one of several components in a gas mixture,
the compressibility depends on interactions between the distinct con-
stituents and is not calculated from the properties of pure constituents
alone. The dissociation effects in such a case may be obtained by
methods given by Huff, Gordon, and Morrell (ref. 13) and by Damkdhler
(ref. 14). '

The fundamental physical constants employed in the correlation are
those contained in the National Bureau of Standards tabulation of selected
values of chemical thermodynamic properties (ref. 15).

The tables are given in dimensionless form and conversion factors
to some frequently used units are given. The pressure intervals were
chosen to facllitate Lagrangian interpolation of the tables. When llnear
interpolation in pressure is strictly valid, values for intermediate
pressures have in some cases been omitted. Deviation plots or tables
indicating the agreement or discordance of the experimental data have
been included. These plots also show graphically the range and the abun-~
dance or paucity of the experimental data for nitrogen.

The tables of thermal properties were originally prepared in loose-
leaf form to permit thelr prompt distribution to research workers. They
were arranged In close proximity to conversion factors, text material,
and deviation plots. This desirable feature could not readily be retained
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in this report. The discussion of the tables, including their relia-
bility, has been assembled in a separate section. The reader is urged
to consult this sectlon prior to the use of the tables. Values of the
gas constant R are listed in table 16. Conversion factors are listed
separately in tables 17 and 18. A temperature interconversion table

is also presented (table 19).

The tables in this collection were computed over an extended period
with the assistance of a number of persons. Valuable assistance has been
rendered by Mrs. Lilla Fano who supervised the computations, some of which
were performed by Mr. ¥. Donald Queen and Miss Mary M. Dunlap. Part of the
calculations were performed by the Computation Laboratory of the Applied
Mathematics Division under the supervision of Miss Irene Stegun. Thanks
are also due to Prof. Y. 5. Touloukian, Dr. R. L. Nuttall, and Mr. J.
Hilsenrath for the tables of transport properties and to Dr. H. J. Hoge
and Mr. G. J. King for the vapor-pressure tables.

SYMBOLS
a sound velocity at low frequency, m sec-1 or ft sec-l
8, sound velocity at standard conditions, 336.96 m sec=l or
1,105.5 ft sec™t
B second virial coefficient in 1/V series, a function of

temperature, cm? mole~t

B(0) (1)  second virial coefficient function, %/bo

By coefficient of P 1n pressure series for PV/RT, atm-l

By’ 1

T dBl/dT, atm”

B" = T2 deBl/dTQ, atm™t

bo characteristic parameter of lennard-Jones interaction
potential, em? mole™t
bs b, for palrs alone as distinct from pairs in larger

clusters, 63 cm? mole~l

b3 b, for pairs within a cluster of three, 61.7 cm? mole-t
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C third virial coefficient in 1/V series, a function of

5 mote-1)?
temperature, | cm” mole

C(O)(T) third virial coefficient function, q/%oe in simple theory

Cq coefficient of P? 1in pressure series for PV/RT, atm=<

@]
[
i

"= dCl/dT, atm™2

W2 2 tn-
C)" = % a’cy far?, atm2

Cb heat capacity at constant pressure, various units

CPo heat capacity at constant pressure for ideal gas, various
units

Cy heat capacity at constant volume, various units

D fourth virial coefficient in 1/V series, a function of

temperature, (cm5 mole"l)3

Dy coefficient of P2 1in pressure series for PV/RT, atm™
D;' =T dD /dT atm™D
1 - 1 ’
"o 2 2 —3

Dl =T le/hT , atm

EOO internal energy for 1 mole of gas in 1deal-gas state at
o° K; equal to Hbo, enthalpy for same conditions,
various units

F° frece energy per mole in standard state (ideal gas at
1 atmosphere for gaseous substances), various units

H enthalpy per mole, various units

H° enthalpy per mole in stdndard state (ideal gas at 1 atmos-

phere for gaseous substances), various units

HOO enthalpy per mole in standard state at 0° K, same as Eoo
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equilibrium constant for a chemical reactiocn, atm®

thermal conductivity, cal em~L sec-t OC’l; also Boltzmann

constant for proportionality of energy to temperature,
1.58048 x 1016 erg %k-1

thermal conductivity at 273.160 K and l-atmosphere pressure,
5.77 X 10=2 cal em=1 secl Oc-1

molecular weight (chemical scale), 28.016 g mole~t

moles of vapor expelled from container during vaporization

Prandtl number, nCQ/k

pressure, atm or dynes cm™2

atmospheric pressure, 1 atm or 1,013,250 dynes cm=2

energy used for vaporization of an amount of liquid

gas constant per mole, 82.0567 cm? atm (OK)'l mole'l,

1.98719 cal deg-l mole-1, or 8.31439 abs. j deg-l mole-l
(for values of R in other dimensions, see table 16)

distance between two molecules

classical distance of closest intermclecular approach at
zero energy according to Lennard-Jones potential, 3.68 A

entropy for 1 mole, various units

entropy for 1 mole in standard state (ideal gas at 1 atmos-
phere for gaseous substances), various units

absolute temperature, °K or °R

temperature at standard conditions, 27%.16° K
potential energy of interaction of two molecules
volume per mole, cm? mole™t

function in theory of viscosity
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W function in theory of viscosity
7 compressibility factor
79 compressibility factor at standard temperature and

pressure, 0.99955

. . . -V/dp -V /dP)
a isentropic expansion coefficient —_=] = ===
pre exp > P (dV/S P lav)p
¥ ratio of specific heats, Cp/cv
€ maximum energy of binding between molecules with a Lennard-
Jones potential, ergs
e/k characteristic parameter of Iennard-Jones interaction

potential, °K

epfk e/k for pairs alone, 95.42° K
€3/k e/k for pairs within a cluster of three, 97.7° K
1 viscosity, polse or g sec™L em~1
2
o viscosity at 273.16° K and 1 atmosphere, 1,662.5 x 107 poise
. dT -1
o) Joule-Thomson coefficient, /. deg atm
H
o) density, mole cm'3, Amagat units, and so forth
Pq density at 273.16° K and 1 atmosphere, 4.46338 x 10~2 mole em=2
or 1.25046 x 10-3 g cm=?
T a reduced temperature, kT/e

EXPERIMENTAL DATA OF STATE FOR NITROGEN

The experimental PVT data for nitrogen extending to elevated pres-
sure are indicated in figure 1. Here the direct experimental values
of Z are represented by Vv(Zz - 1) plotted as a function of density,
with values for temperatures in Ok adjoining the plotted points. The
deviations of the correlation adopted for the present tables are indi-
cated by the comparison between the solid curves and the plotted exper-
imental points.
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The procedure used in the present correlation in representing the
second and third virial coefficients B and C, related to By and Cy

in equation (l), has been outlined previously (ref. 2). The method is

so arranged that 1t is possible to make use of experimental data on the
pressure dependence of internal energy, enthalpy, specific heat, and
sound velocity for the second virial coefficient and to use Joule-Thomson
data and PVT data for both second and third coefficlents. In determining
the parameters for B and C +the PVT data of Michels and coworkers
(refs. 16 and 17) have been weighted heavily using values consistent
with the recent summary of Michels, Lunbeck, and Wolkers (ref. 18).

Their data are in the range 0° to 150° C.

The isotherm data of Holborn and Otto (ref. 19) have been corrected
for the effect of stretching of the contalner at elevated pressure and
for individual pressures and temperatures occurring in their evaluation
of the amount of substance present for individual measurements. The need
for correction of thelr results has been discussed by Cragoe (ref. 20).
As a result of the corrections applied, the points as plotted are not
identical with the figures given in their original publicatioms. Also,
the data of Michels have been adjusted slightly for the highest temper-
atures for the vapor pressure of the mercury confining the gss.

It was not possible to obtain an exact fit of the second virial
coefficient to all the good data using an unmodified 6-12 Lennard-Jones
function. Nevertheless, such a function was used even though it departed
considerably from the data (refs. 21 to 23) at the lower temperatures,
because the tables herein are intended primarily for moderate and elevated
temperatures. The parameters to obtain C and the function for D were
so chosen as to compensate partially for the failure to fit B for the
actual PVT data at moderately low temperatures.

In terms of the virial coefficients for 6-12 Lennard-Jones poten-

tials as tabulated in the dimensionless form B(o)(T) and C(O)(T) by
Hirschfelder (refs. 24 and 25), the coefficlents B; and C; are

represented by

B, = 'beB(O)(-ra)/RT

and

C) = by C(O)(rj) - hEa(o)(rj)r (RT)2 + 3B,
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where
Tp = kT/62
and
T3 = kT/GB
with

62/k = 95.42° K

b, = 63 cm? mole~l

and

65/k = 97.7° K
bs = 61.7 cmd mole-1

The coefficient Dy 1is represented empirically as

-4

Dy = 0.09Lhh2r™? - 297.40T7* + 111,984T° -

6.9619 x 10576 _ 2.4506 x 10-57-3¢L,600/T

After the calculation of the derived tables based on the present
PVT correlation was completed, values of virial coefficlents repre-
senting new PVT data of Friedman, White, and Johnston were received
(private communication). At the lower temperatures their values indi-
cate a need for a different extrapolation; at intermediate and elevated
temperatures they favor the trend of Holborn and Otto (ref. 19). A
complete correlation of PVT data including the region near the critical
point cannot be performed properly when one represents the compressi-
bility factor as a power series in the pressure, because the critical
point is a point of singularity for such a representation. The extension
of the correlation to this region of temperature and pressure 1is possible,
however, if one uses a series in density or 1/V for which no such sin-
gularity occurs. Examination of figure 1 shows that the isotherms in
this representation deviate only slightly from linearity or complete rep-
resentation in terms of B and C alone. Representations of the data
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in the low-temperature region with a density series using only B and C
have been given with considerable success by Claitor and Crawford (ref. 26)
end by Hall and Ibele (ref. 27). ,

COMPARTSON OF DERIVED QUANTITTES WITH EXPERIMENTAL DATA

Experimental data on beat capacity, entropy, enthalpy, sound veloc-
ity, and so forth are too sparse to provide directly a tabulation of these
propertles over an apprecisble temperature and pressure range. Fortu-
nately, it is possible to calculate these quantities when sufficient data
of state are available. Thermodynamic properties thus calculated from
good PVT data are usually in very satisfactory agreement with the exper-
imental data. This section is devoted to a comparison of the derived
thermodynamic quantities with the exdsting experimental data.

The specific heat at constant pressure was measured by Henry (ref. 28)
for pressures near 1 atmosphere. His method involved the determination
of & temperature difference due to lack of symmetry of the temperature
distribution along a uniformly heated flow tube, together with a com-
parison of the effect with the similar effect for helium. He reduced his
values to specific heat at constant volume. For the present comparison,
his results have been reduced back to the observed specific heats at con-
stant pressure, using his graphically presented experimental points. His
tabulated final results are presented as a dashed curve near the experi-
mental points in figure 2, showing percent departures from table 5. His
claimed accuracy was only about 1 percent, and his values at his higher
temperature of 350° C deviate from the computed values by about this
amount. At room temperature, for which he suggested 1/2 percent as the
accuracy, the agreement is correspondingly better.

Measurements have been made by Brinkworth (ref. 29) on the cooling
of a gas during an isentropic expansion, according to the method of
Lummer and Pringsheim. Brinkworth's results were based on measurements
near atmospheric pressure only, so that no clear indication of equation-
of -state effects can be inferred directly from his results. His computed
vaelues for 7y for the ideal-gas state, which he obtalined by applying
corrections based on Berthelot or Callender equations of state to his
measured values, are shifted oppositely to the adjustments that would
properly be made on the basis of the present PVT correlation. However,
the actual shift required to give agreement with 7°, as computed from

C /R based on spectroscopic values for zero pressure, is several times

as great as that given in the present PVT correlation, although it agrees
in sign.
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It is to be noted that, while the adiabatic expansion for an ideal

gas follows a rule that PV’ is a constant or PT7/(1'7) is a constant,
the behavior of a real gas, during an adiabatic expansion, is given in

first approximation over a limited range assuming that PV® 1is a con-

stant, where
“_z(g) =_z;-1rs_> y =z z-R(d_%>
P\aV/)g  P\dV/q dP /m

To express the temperature change with change_ofvpressure, other rela-

[;a/(l'7aﬂ
tions are required; so that, if PT = Constant 1s to be used,
then

7, - 1
_§_=31T_) =p§2> cp=z+T.a._Z.>RCp
Ta T\dP/g aT /), an

As can be seen, 7, 1is naturally different from both 7y and a.

The final values of 7g TYeported by Brinkworth for the real gas

were obtained as an extrapolation to infinite volume of an experimental
container, as he found a marked dependence on volume. Values of Ya

computed from theory are within the range of his extrapolations.

The results of Brinkworth have been converted to provide wvalues
of Cp for about 1.03 atmospheres, using the present PVT correlation

to give Z + T(gé\ in

31 /p

V B‘TpdlogeTS

The results are shown in figure 2 as percent departure from table 5.
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Values for the specific heat of gaseous nitrogen were reported by
Eucken and Von Lide (ref. 30) based on a similar use of the method of
Lummer and Pringsheim involving the cooling during an isentropic expan-
sion. They used the PVT data of Holborn and Otto In the evaluation.
Their results are also shown in figure 2.

Values of the specific heat at constant pressure for nitrogen are
at times quoted from the measurements of the velocity of scund by Shilling
and Partington (ref. 31). Their results deviate markedly from the computed
values at elevated temperatures. Similar results were obtained by Dixon,
Campbell, and Parker (ref. 32), who also measured the velocity of sound.
These measurements are considered further in the discussion of sound
velocity.

The specific heat at constant pressure was measured over an extended
range of pressures by Workman (ref. 33) for temperatures of 26° C and
60° C. His data, shown in figure 3, have here been expressed as the ratio
of Cp to Cpo, the value at zero pressure, instead of his reported ratio
to the value at 1 atmosphere in order to make distinct the contribution of
the departure from ideality. The independent variable is here shown in
atmospheres instead of the original pressure units. The curves in the
figure are the predictlions from theory using the present PVT correlstion.
The agreement 1s considered fairly satisfactory for the pressure range
of chief interest in this correlation, that 1s, below 100 atmospheres.

The data of Clark and Katz (ref. 34%) for the ratio of specific heats
of nitrogen have been recomputed using an Improved theory for the effective
mass of the gas to be added to the mass of the moving piston in their
resonating system. The correction involves the recognition that the par-
ticipation of the mass in each end of the cylinder is not linear with dis-
tance as 1f it were approximately proporticnal to the velocity but varies
according to the kinetic energy or as the square of the velocity. The
integration for quadratic dependence on distance, which 1s approximately
valid, supplies a factor of 1/3 rather than 1/2 as used by Clark and Katz.
A detailled derivation of the corrections for the effective mass of the gas
in a resonating-piston experiment is to be found in a note by Woolley

(ref. 3).

In figure 4 the open circles show the values reported by Clark and
Katz, while the recomputed values are shown as filled circles. The curves
show the theoretically computed values based on the present PVI correlation
with Cp?/R taken from table 1. The different curves are for distinct

computations carried to the powers of pressure corresponding to the virial
zoefficients By, Cy, and Dy as indicated. A more direct comparison

f the experimentally observed quantities may be made by computing values
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of «; but such a comparison is not shown here, as the quality of agree-
ment remains essentially the same as is shown for 7.

A graphical indication of values of 7y for nitrogen from O to
100 atmospheres at 27° C was given by Hubbard and Hodge (ref. 35) based
on measurements of the velocity of sound. Values read from their graph
are shown in figure 5 as a dashed curve.

Other measurements of the velocity of sound in nitrogen as a func-
tion of pressure up to 1 atmosphere have been made by Keesom and
Van Lammeren (ref. 36), by Van Itterbeek and Mariéns (ref. 37), and by
Van Itterbeek and Van Doninck (ref. 38). These are all at temperatures
below the region covered in the present tables, which are primarily fit-
ted to the PVI data immediately above and below ordinary atmospheric
temperatures. The comparison with these data 1s accordingly omitted.
A limited portion of the data of Keesom and Van Lammeren gives the tem-
perature dependence of the velocity of sound near atmospheric pressure
between 145° K and about 165° K. The results are shown in figure 6 with
a curve interpolated from table 9 shown also for comparison.

Values for the velocity of sound in nitrogen were reported by
Shilling and Partington (ref. 31) based on measurements with a Kundt's
tube. Their results for sound velocity are shown in figure 6 as measured.
Although the values reported deviate so far from the theoretical as to
give heat-capacity values that are not satisfactory, the ratio of sound
velocity in nitrogen to that in air is seen to be considerably more
accurate,

Measurements on the velocity of sound in nitrogen in tubes by Dixon,
Campbell, and Parker (ref. 32) gave values surprisingly near those of
Shilling and Partington. The former authors also made a number of sim-
ilar determinations on the velocity of sound in air. As in the case with
the results of Shilling and Partington, values of sound velocity in
nitrogen obtained indirectly by accepting thelr ratios of sound velocity
for nitrogen versus air, together with the velocity in air, depart rel-
atively little from table 9.

A determination of the third-law entropy of nitrogen was presented
in 1933 by Giaugque and Clayton (ref. 39) at the bolling point with good
agreement with the statistically calculated value for the entropy. As
the computation involved the use of their measured specific heats for
the solid and the liquid together with latent heats of transition in the
solid, fusion, and vaporization, the agreement can be taken as indicating
a satisfactory condition for the data for this entire low-temperature
region insofar as consistency is concerned.



1L NACA TN 3271

In table 20 revisions in the boiling point and in the latent heat
of vaporization are examined. The value used by Giauque and Clayton
for the boiling point, 77.32° K, may be compared with that given by
Friedman and White, 77.34° K (ref. 40), and with that given by Hoge
and King for table 13, 77.395° K. Similarly, the value for the latent
heat of wvaporization, 1,332.9 cal/mole, was revised to 1,320 cal/mole
by Friedman and White. An interpolation of newer data of Furukawa and
McCoskey (ref. 41) indicates 1,336.6 cal/mole. At the boiling temper-
ature credited to Hoge and King in table 20, an entropy of vaporization
has been obtained from the data of Friedman and White on the basis of
the observation that in this region the pressures given by Hoge and King
are about 0.3 percent higher than those of Friedman and White.

Furukawa and McCoskey (ref. 41) have recently reported values for
the heat of vaporization of liquid nitrogen and for the heat of subli-
mation of solid nitrogen. These values are of some interest in regard
to PVI data, because it is possible in principle to obtain values
of PV/RT for the vapor from such data if in addition sufficiently
accurate vapor-pressure data are known. Their results for vaporization

of the liquid are 5,899.0 J mole™t at 68° K, 5,735.2 j mole~t at 73.10° K,
and 5,571.8 jJ mole L at 78° K. For the sublimation of solid nitrogen

their result is 6,775.0 J mole'l at 62° K. The comparison of their
results with previous work is shown in figure 7.

The reduction of the heat-of-vaporization data involves a correction
for the finite volume of the liquid. The same correction enters with
reversed sign in using the Clapeyron equation to obtain the compress-
ibility of the wvapor, which is

= 9P[gp® 4P
PV/RT - [RT &5

These relationships provide a check of the consistency among the latent
heats, vapor pressures, and data of state. It is possible by means of
a slight change in the vapor-pressure values to bring them into close
agreement with newer latent heats and data of state at low temperatures.

_ Measurements of the Joule-Thomson effect have been made by Roebuck
and Osterberg (ref. 42) over the range 93° K to 573° K and up to
200 atmospheres. When the constant correction factor for pressure in
their measurements is applied, the agreement with the present PVT cor-
relation is quite good from the ice point upward, which is the reglon
of most of the PVI data. The two sets of values differ considerably at
lower temperatures, the reported experimental value being 50 percent
greater than the theoretically calculated PVT value at the lowest tem-
perature in the measurements.
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The Joule-Thomson coefficient of cooling in an 1senthalpic expansion
has not been tabulated here. It can be readily obtained, however, from
the relationship

-4,

2
aT
P

%

c daT dT aT

dB ac
=31<T——-1-+TP—1+TP2—l>
P

where CP is the specific heat given in table 5 and the derivatives in

the parentheses are given in table 15. Cooling in an isentropic expan-
sion can be similarly computed from the tabulated values through the

relationship
P/4dT R oz
T(dP) C <BT>
S P P

CALCULATION OF TABLES

The thermodynamic quantities tebulated in this report were computed
numerically from the coefficients of the equation of state. The following
formulas were used:

RTq RTq iy Ty 2 Ty 3
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G 0 et 4 BN (eclv + Cl">P2 ] (21)1' N Dln>P3
R R < 1 1 2 3

2
' Z+T<§—Z->
Cp -G _ o )p
toeE)
oP T

- {l + (Bl + Bli>P + (Cl + Cl|>P2 + <Dl N Dl'>P%}2

2 5
1 - CyP® - 2DyP

The velocity of sound is given by

RT>
M {z - P(az/aP)T}

—_—
a = t;"RTa,Z/M =72 J

DISCUSSION AND RELIABILITY OF TABLES

The uncertainty of the tabulated density and compressibility and
also of the various derived properties is discussed below. In general,
the uncertainty is smallest in the region from about 0° C to 150° C where
the most accurate experimental determinations were made. Since a semi-
theoretical representation was closely fitted to the data in this region,
the uncertainty here does not exceed 0.1 percent in PV/RT or about
10 percent of the difference between the real and ideal values of the
compressibility. The uncertainty increases both at higher and lower tem-~
peratures. This 1s due in part to the limitations of the theory and of
the fitting process and also to limitations in the ranges and reliability
of the various experiments. The derived pressure corrections to thermo-
dynamic properties are, in general, less accurate, because errors are
increased in differentiation. The corresponding experimental determi-
nations, such as Joule-Thomson coefficients, are frequently lnaccurate,
particularly at the lower temperatures. The knowledge of the properties
of nitrogen can undoubtedly be improved by refinement of experimental
techniques, extension of the experimental range, and by improvement of
theory and the methods of correlation.
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It is sometimes convenient to indicate the uncertainty of the
ideal-gas values separately from that of the pressure corrections. Thus,
under properties of the real gas the reader may find the statement to
the effect that the uncertainty in the difference between the real and
the ideal entropy for nitrogen may be as great as 10 percent at the
highest pressures. An examination of the entries for the entropy of
nitrogen at 1,000°, for example, shows the value for the ideal gas to
be 27.4261 dimensionless units at 1 atmosphere (table 1), giving
27.4261 - loge (100 atm/l atm) = 27.4261 - 4.6052 = 22.8209 dimensionless
units for the ideal gas at 100 atmospheres. The corresponding real-gas
value at 100 atmospheres as tabulated is 22.8094 (table 7). The indi-
cated uncertainty of 10 percent of the difference is thus 0.0012 (about
0.005 percent of the total entry).

Table 1.- The thermodynamic properties of undisscciated molecular
nitrogen in the ldeal-gas state are given in dimensionless form in
table 1. The values from 60° to 2,800° K are based largely on the calcu-
lations of Goff and Gratch (ref. 43) but are for the normal isotopilc mix-
ture. These values have been extended to the greater temperature range
of the present table at the National Bureau of Standards, using the same
fundamental spectroscopic data,

The uncertainty of the N, table up to 2,800° K has been indicated

by Goff and Gratch (ref. 43)., On the basis of that analysis, the func-
tions Cpe/R and S9/R appear accurate to the next to the last place
tabulated in the present table up to about 2,000° K, while at consider-
ably higher temperatures their uncertainties may amount to several units
in the next to the last digit included. It would be indicated similarly
that the uncertainty in (HO - EOO)/RTO may be as great as 0.0001

at 500° K, 0.001 at 1,000° K, and several times as great at the higher
temperatures.

The free-energy values are considered to be very reliable, being
uncertain by less than 1 unit in the third decimal place up to the highest
temperatures.

Table 2.- The ideal-gas thermal functions for atomic nitrogen have
been converted from those given in reference 4l and subtabulated in
table 2.° A slight upward shift of about 0.0001 in S°/R has occurred
in the lower temperature part of the table in the process of fitting
closely the values at higher temperatures within the constant-specific-
heat range.

The values in this table are considered to be very reliable, namely,
to within 0.0001, as tabulated, except for the free energy which is
reliable to 2 or 3 units in the last place.

Table 3.- The tabulated values of the compressibility factor
7 = PV/RT (table 3) are those which would exist if there were no
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dissociation within the range covered. The values were computed from the
virial equation

Z =1+ ByP + C;P2 4 D;PJ

The coefficients By and €1 were calculated from the Lennard-Jones
potential using intermolecular force constants as parameters.

The parameter values for the second virial coefficients By were

obtained by a graphical method which permits the simultaneous fit of
data on the Joule-Thomson coefficient and on the pressure dependence
of PV/RT (refs. 16 through 19, 27, and 45 through 52), internal energy,
specific heat, and velocity of sound. The experimental third virials Cq

wvere fitted using the second-virial-coefficient parameters only for a
cluster of two and graphically determined values of the parameters for
the cluster of three, since the equilibrium constant for the formation

of a cluster of three is K§ = (2B12 - Cl/2)/(RT)2. The modification of

the usual Lennard-Jones treatment (ref. 2) was undertaken to provide a
more applicable model for nitrogen than is afforded by the unmodified
theory.

The tabulated values are reliable to approximately 1 unit in the
next to the last tabulated place at temperatures below 300° K and within
2 or 3 units in the last place at higher temperatures. These tables are
in essential agreement with a recent correlation of Hall and Ibele
(ref. 27) and Michels, Lunbeck, and Wolkers (ref. 18).

The compressibility factor is dimensionless. Values of the gas
constant R are listed in table 16 for frequently used units in order
to facilitate the use of this table in calculating, by means of the
equation 7 = PV/RT, the pressure P, the specific volume V (or the
density 1/V), or the temperature T when any two of these are known.
The values given are based on a molecular weight of 28.016.

Table 4.- The tabulated densities for molecular nitrogen (table )
~ were computed from the equation

T~Z~P
p/po = _O" 0
PoTZ

from the compressibility factors given in table 3, and TOZO/PO = 273.037° K

atm™l. The values are derived from the values of compressibility in table 3

and have ildentical errors. On the basis of the estimated errors of table 3,
this table has entries that may be in error by 5 in the next to the last
place, but many entries are more precise. At low pressures and high tem-
peratures the values are less reliable because of neglect of dissociation
effects.
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Table 5.- The specific-heat values (table 5) were obtained by com-
bining the ideal-gas specific-heat values from table 1 with differences
between real and ideal based on thermodynamic formulas and the virial
coefficients in table 3. The effect of dissociation is not included in
this table, but its magnitude may be estimated with the formulas dis-
cussed in reference 29.

The accuracy of the tabulated values varies with temperature and
pressure. The error in Cp - CpO may approach 5 percent in the range

of moderate pressure but may approach 10 percent for the high-pressure
entries., Comparisons with the experimental data are shown in figures 2
and 3.

Tables G and 7.- The enthalpy and entropy of nitrogen tabulated in
tables 6 and 7 do not include the effect of dissociation. Its magnitude
may be estimated and found to be small at moderate temperatures and pres-
sures using formulas discussed and evaluated in reference 12. The exact
magnitude in the case of nitrogen has been unknown because of the large
uncertainty in the dissociation energy. The graphs shown in figures 8
and 9 show the effect of the dissociation on the basis of the now-
accepted dissociation energy of about 9.764 electron volts. If other
constituents containing nitrogen are present, the effects are more
complicated, as is indicated in reference 12.

The accuracy of the tabulated values varies with temperature and
pressure. If the small neglected effect of dissociation at the most
elevated temperatures is disregarded, the uncertainty in the difference
between real and ideal properties is thought to be somewhat less than
5 percent in the range of moderate pressure but may be as great as 10 per-
cent at the highest pressure.

Table 8.- On the basis of the reliabilities estimated for specific
heats and compressibilities, tables 5 and 3, the values of vy (table 8)
are considered to be reliable to within 5 percent of their departures
from values for the ideal gas at pressures below 40 atmospheres and pos-
sibly only to within 10 percent of this difference at the highest pres-
sure of 100 atmospheres. Comparisons with direct and indirect experi-
mental determinations of ¥ are shown in figures 4 and 5.

Table 9.- The sound velocities tabulated for nitrogen (table 9) are
for equilibrium conditions as far as internal molecular energies, Iinter-
molecular energies, and kinetic energies are concerned and thus do not
apply at very high frequencies. The effect of dissociation has not been
included, so that the values are not strictly for zero frequency as would
correspond to full equilibrium conditions at the highest temperatures.

The accuracy of the values tabulated varies with temperature and
pressure. Numerically, the reliability is roughly that indicated for the



20 NACA TN 3271

values of 7y 1in terms of departures from ideal-gas values, At 200° K
the values are believed reliable within about 0.002 at 10 atmospheres,
0.01 at 40 atmospheres, 0.03 at 70 atmospheres, and 0.07 at 100 atmos-
pheres. At L0OO® K these limits might be reduced by factors between 5
and 10. At higher temperatures, the values for 100 atmospheres are
probably within 0.005.

The effect of dissociation is probably quite small except for the
low pressures at the highest temperatures covered. Below the very high
temperatures at which dissociation is appreciable, the table 1s more
precise with increasing temperatures, because the gas becomes more ideal.
Figure 6 shows the departures of experimental values for the velocity of
sound from the indications of this table.

Table 10.- The viscosity at low pressure (table 10) was calculated
using the Lennard-Jones potential, as applied by Hirschfelder, Bird,
and Spotz (ref. 53). In this case the potential energy of interaction
between the two molecules at a separation- r 1s given by

o w5 - (3

where e 1is the maximum energy of attraction and r, dis the distance

at which the atiractive and repulsive energies are equal. The coeffi-
cient of viscosity for a single gas is given by

266.93V,
r02w(2)(2)

n X lO7 =

I

where M 1is the molecular weight, T 1s the Kelvin temperature, and Vg

and W(Q)(Q) are functions of kT/e tabulated by Hirschfelder, Bird,

and Spotz (ref. 5%) from solutions of the collision integrals. The tables
were calculated by Hilsenrath and Touloukian (ref. 4) using the param-
eters e/k = 91.46° K and ro = 3.681 A, chosen to fit the more accurate
viscosity data in the lower temperature region. They also computed the
viscosity at elevated pressure on the basis of the Enskog equation

n/n' =1 + 0.175bp + 0.8651b2p?
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where n' 1is the low-pressure viscosity at T° K in poises; p 1is the
density in grams per cubic centimeter; and b, the viscosity covolume in
cubic centimeters per gram, is

b - 1.783(00" Dt/ 4y )3/

The viscosity of nitrogen at very low pressures has recently been
measured by Johnston, Mattox, and Powers (ref. 54). Their report lists
viscosities of nitrogen at 306° and 273° K at pressures from 500 to
0.00017 millimeter of mercury and at 194° K and 79° K at pressures down
to 0.353 millimeter of mercury. Their values extrapolated to atmospheric
pressure show a mean deviation of 0.17 percent from data obtained earlier
by Johnston and McCloskey (ref. 55).

The values of viscosity are reliable within 5 percent. A graphical
comparison of the tabulated values with the experimental results i1s shown
in figures 10 and 11. The decided trend (see fig. 10) of the low-pressure
experimental data at high temperature would suggest that a modification
of the force constants ¢/k and Ty 1s in order. If the constants are

chosen as 3.8 A and 80° K, respectively, the deviations for the low-
pressure data can be reduced to within 2 percent. While this choice
improves the fit at the higher temperatures, it introduces larger depar-
tures in the lower region where the experimental data are probably more
precise. Numerical adjustments may be made to the tables on the basis -
of the deviations shown in figure 10 which would bring the values within
a few tenths percent of the experimental data (refs. 56 to 67).

The departures of the high-pressure viscosity data of Boyd (ref. 68),
Michels and Gibson (ref. 69), and Sibbitt, Hawkins, and Solberg (ref. 70)
from the tabulated values are shown in Tigure 11. The recent data of
Kestin and Pilarczyk (ref. 71) at room temperature are in agreement with
the correlation within 0.2 percent up to 40 atmospheres. Above this
pressure the departures increase gradually to 1 percent at 70 atmospheres.

Table 11.- The tabulated values (table 11) of thermal conductivity
up to 300C K were obtained through the equation given by Keyes (ref. 72),

x 102 cal cm~1 sec-1 9x-1

where T 1s the Kelvin temperature.
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Above 300° K the values were cobtained by the relation given by Stops
(ref. 73),

kK = ko<§ + 3.13 x 1079t - 1.33 x 16°0t2 + 2.63 x 10’10té>

where t 1s the Celsius temperature. The two equations, both empirical
relations, yield values of the thermal conductivity which are in very
close agreement between 300° and 700° K. Stops' data cover the range
from 0° C to 1,000° C, while Keyes' data extend from -200° C to 400° C.
The overlap region is represented satisfactorily by both equations. The
value kO, the thermal conductivity at 0° C, was taken as

5.77 X 10~> cal em-1 sec-1 %g-1 according to Stops’ representation.
While the Keyes relation yields 5.73 x 10- cal cm-l sec-l k-1 for kg

this discrepancy is not serious since the estimated accuracy of the tab-
ulated k/ko is of the order of 5 percent.

Table 12.- The Prandtl number Np, = nCp/k and some of its frac-

tional powers are listed for molecular nitrogen at 1 atmosphere in
table 12. The table was computed from values of specific heat Cp/R,

viscosity 17, and thermal conductivity k/ko: given, respectively, in
tables 5, 10, and 11.

The uncertainty in this table results from the uncertainties of the
values of thermal conductivity and viscosity. Above 600° K the values of
viscosity in table 10 may be somewhat too high (see fig. 10), which may
account for the sharp rise of the Prandtl number at high temperatures.
Below this temperature the tabulated Prandtl numbers should be reliable
to about 5 percent. The uncertainties in the fractional powers are cor-
respondingly lower. Other fractional powers may be computed with the
aid of figure 12.

Table 13.- The vapor pressures (table 13) were computed by
Dr. H. J. Hoge and Mr. G. J. King. The tables are based on an analysis
of the data in references T4 to 76, 39, and 77 to 85, which are listed
here roughly in the order of the weight given to the data taken from
them. The accepted vapor-pressure - temperature relation for solid nitro-
gen is given by the equation for which constants are given in table 13(c),
while that for liquid nitrogen is given by table l5(a). Deviations of
the experimental data from the accepted relations are shown in figure 13,
A substantial improvement in consistency was effected by adjusting the
temperatures of some of the reported data. A recent study (ref. 89)
showed differences in reported vapor pressures of oxygen that were attrib-
uted to differences in temperature scales. Many laboratories have pub-
lished data on both oxygen and nitrogen, and for references 39, Tk, 76, 81,
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and 82 the nitrogen temperatures were adjusted by amounts that, if sim-
ilarly applied to the oxXygen data, would have brought the oxygen data
into agreement with those reported in reference 85, which are on the
NBS provisional temperature scale below 90° K and on the International
Temperature Scale above that point. In other cases there was inade-
quate information to warrant an adjustment. Where an adjustment was
made, figure 13 shows the adjusted rather than the unadjusted values.

Table 13(b) gives P at temperature intervals of 2° K (3.6° R)
from 52° to 126° K. This table 1s for ready reference when values at
these particular temperatures are adequate. When accurate values at
other temperatures are required, they should be found from the equation,
if for the solid, and from table 13(a), if for the liquid. Table 13(a)
gives 1login P at uniform intervals of l/T, the argument being hO/T

at first, then changing to lOO/T at higher pressures to give a closer
spacing of entries. Values of T are also given, but these are only
for convenience in locating the part of the table to be used. Interpo-
lations must be made in terms of L40/T or 100/T (72/T or 180/T on
the Rankine scale) rather than in terms of T for greatest convenience
and accuracy. When this is done, linear interpolation will introduce
no significant error except possibly in the 5° immediately below the
critical point.

The accuracy of the equation and the tables may be estimated from
figure 13. The spread of the data 1s somewhat less than +0.10° below
90° K and approximately 10.15° at higher temperatures. These temper-
ature spreads correspond to pressure spreads of 10.2 millimeter of mer-
cury at 53° K, ¥l mlllimeter of mercury at 60° K, #7 millimeters of mer-
cury at T5° K, 160 millimeters of mercury at 100° K, and 175 millimeters
of mercury near the critical point. The prcbable error of the accepted
values 1ls perhaps half of the spreads Jjust quoted. The equation for the
solid may be used for order-of-magnitude calculations below the range of
the experimental data but not below the transition at 55.60 K.

Tables 14 and 15.- Tables 14 and 15 give the virial coefficients
and their first derivatives on which the thermodymamic properties are
based. The conversion factors given in tables 17 and 18(a) to 18(3) were
taken from NBS Circular 461 (ref. 86). The conversion factors for vis-
cosity (table 18(k)) were taken from reference 87.

National Bureau of Standards,
Washington, D. C., January 3, 1955.
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TABLE 1.- SPECIFIC BFAT, ENTHALPY, ENTROPY, AND FREE ENERGY
OF MOLECULAR NITROGEN IN IDEAI-GAS STATE

ox &: H . Eoo io. . Eoo op
R RT, R RT

10 3.5019 -1 1246 1281 11.1440 24267 7.740 a719 18

20 3,5006 -2 2527 1282 13.5707 14196 10.119 1403 36

30 3.5004 -1 .3809 1281 14,9903 10067 11.522 999 54

40 3,5003 .5090 1282 15.9970 7811 12,521 % 72

50 3.5003 6372 1281 16.7781 6382 13,297 635 90

60 3.5003 L7653 1281 17,4163 5396 13.932 538 108

10 3,5003 1 .8934 1282 17.9559 4674 14,470 465 126

80 3,5004 1.0216 1281 18,4233 a122 14.935 411 144
90 3.5004 1.1497 1282 18.8355 3688 15,346 - 368 162
100 3.5004 1 1.2779 1281 19,2043 3337 15.714 333 180
110 3,5005 1.4060 1282 19,5380 3046 16.047 303 198
120 3,5005 1.5342 1281 19.8426 26801 16.350 280 216
130 3.5005 1 1.6623 1282 20.1227 2595 16.630 259 234
140 3.5006 1.7905 1281 20.3822 2415 16,889 241 252
150 3,5006 1 1.9186 1282 20.6237 2259 17.130 225 270
160 3.5007 2.0468 1281 20.8496 21 17.355 212 288
170 3.5007 2.1749 1282 21.0619 2000 17.567 200 306
180 3,5007 1 2.3031 1281 21.2619 1893 17.767 189 324
190 3.5008 2.4312 1282 21,4512 17% 17.956 n 342
200 3.5008 1 2.5594 1282 21.6308 1708 18.135 m 360
210 3,5009 1 2.6876 1261 21.8016 1629 18.306 162 378
220 3,5010 2.8157 1282 21,9645 1556 18.468 156 396
230 3,5010 2 2.9439 1282 22,1201 1490 18.624 149 414
240 3,5012 1 3,0721 1281 22,2691 1429 18,773 142 432
250 3.,5013 2 3,2002 1282 22,4120 BN 18.915 137 450
260 3.5015 H 3.3284 128 22,5493 B2 19.052 132 468
270 3,5017 [} 3.4566 1282 22,6815 1273 19.184 128 486
280 3.5021 4 3.5848 1282 22,8088 1229 19.312 122 504
290 3,5025 5 3.7130 1282 22,9317 1188 19.434 119 522
300 3.5030 6 3.8412 1283 23,0505 1149 19.553 15 540
310 3.5036 8 3.9695 1283 23.1654 1112 19.668 m 558
320 3.5044 10 4.0978 128 23,2766 1079 19.779 107 576
330 3.5054 11 4,2261 1283 23,3845 1046 19.886 105 594
340 3,5065 B 4,3544 1284 23.4891 1017 19.991 101 612
350 3.5078 16 4,4828 1285 23,5908 988 20,092 99 630
360 3.5094 17 4.6113 1285 23,6896 962 20.191 9% 648
370 3,5111 20 4.7398 1285 23,7858 7 20,287 L] 666
380 3,5131 23 4,8683 1287 23,8795 912 20.380 91 684
390 3.5154 25 4,9970 1287 23,9707 %1 20.471 -} 702
400 3,5179 21 5.1257 1289 24,0598 869 20.560 8 720
410 3.5206 n 5.2546 1289 24,1467 B49 20.646 84 738
420 3.5237 ki 5.3835 1291 24,2316 829 20,730 & 756
430 3,5270 36 5.5126 1291 24,3145 811 20.813 a 774
44 3.5306 8 5.6417 1294 24,3956 794 20.893 ™ 792
450 3,5344 a2 5.7711 1294 24,4750 m 20.972 7 810
450 3.5386 @ 5.9005 1296 24,5527 762 21,049 7 828
470 3.5430 4 6.0301 1298 24,6289 T4 21.124 74 846
480 3.5476 50 6.1599 1300 24,7035 32 21.198 7 864
490 3,5526 52 6.2899 101 24,7767 79 21.270 n 882
500 3.5578 54 6.4200 1304 24,8486 705 21.341 70 900
510 3,5632 56 6,5504 1305 24,9191 692 21.411 68 918
520 3.5688 59 6.6809 1308 24,9883 680 21.479 67 336
530 3.5747 61 6,8117 1310 25,0563 669 21.546 ] 954
540 3,5808 63 6,9427 1312 25,1232 58 21.611 & 972
550 3,5871 5 7.0739 1314 25.1890 647 21.676 ] 990
560 3,5936 67 7.2053 B 25,2537 636 21,739 [+ 1008
570 3,60032 ® 7.3370 119 25,3173 627 21.801 61 1026
580 3.6072 70 7.4689 1322 25,3800 617 21.862 61 1044
590 3,6142 7”2 7.6011 1324 25.4417 608 21.923 59 1062

600 3.6214 7.7335 25,5025 21,982 1080
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(o]
o %
R
600 3,6214
610 3,6287
620 3,6362
630 3,6437
640 3.6514
650 3.6591
660 3.6670
670 3,6749
680 3.6829
690 3.6909
700 3,6990
710 3,7071
720 3,7152
730 3,7234
740 3.7316
750 3.7398
760 3,7480 -
770 3,7562
780 3,7643
790 3,7725
800 3,7806
850 31,8207
900 3,8596
950 3,8970
1000 3,9326
1050 3,9664
1100 3,9982
1150 4,0281
1200 4,0562
1250 4,0825
1300 4,1072
1350 4,1303
1400 4.1518
1450 4.1720
1500 4,1909
1550 4.2086
1600 4,2252
1650 4,2408
1700 4,2554
1750 4,2692
1800 4.2821
1850 4,2943
1900 4.3057
1950 4.3166
2000 4,3268
2050 4,3365
2100 4,3457
2150 4.3544
2200 4,3627
2250 4,3705
2300 4.3780
2350 4,3852
2400 4,3920
2450 4,35985
2500 4,4047
2550 4,4106
2600 4,4163
2650 4,4218
2700 4,.4270
2750 4,4320
2800 44,4369

TABLE 1.- SPECIFIC HEAT, ENTEALFY, ENTROFY, AND FREE ENERGY

OF MOLECULAR NITROGEN IN IDEAL-GAS STATE - Continued

S od

BEEdd d4d

CBERAB /R/B/AIAX

231

166
156
146
138
129

122
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P
B - E° s° -F - E0°> op
RT, R RT
7.7335 1327 25,5025 600 21.982 58 1080
7.8662 1330 25,5625 590 22.040 57 1098
7.9992 1333 25.6215 58 22,097 57 1116
8.1325 1338 25,6798 574 22.154 55 1134
8.2660 1338 25,7372 567 22.209 55 1152
8.3998 1341 25.7939 559 22,264 54 1170
8.5339 1344 25.8498 552 22,318 53 1188
8.6683 1347 25,9050 545 22.371 52 1206
8.8030 1349 25.9595 538 22.423 52 1224
8.9379 1353 26,0133 532 22.475 51 1242
9.0732 1356 26.0665 525 22.526 50 1260
9.2088 1358 26,1190 519 22,576 50 1278
9.3446 1362 26.1709 513 22,626 ] 1296
9.4808 o4 26,2222 507 22.675 48 1314
9.6172 1368 26,2729 502 22,723 48 1332
9.7540 1 26,3231 496 22,771 a7 1350
9.8910 1374 26,3727 490 22.818 4% 1368
10.0284 1376 26.4217 a8 22.864 4% 1386
10.1660 1380 26.4702 481 22,910 [ 1404
10.3040 1383 26,5183 475 22.956 L] 1422
10.4423 8957 26,5658 2304 23.000 m 1440
11,1380 7029 26.7962 2194 23,217 205 1530
11,8409 7099 27,0156 2097 23,422 195 1620
12,5508 Tk 27,2253 2008 23.617 185 1710
13,2674 7230 27.4261 1927 23.802 177 1800
13,9904 7289 27,6188 1852 23,979 170 1890
14,7193 T4 27.8040 1784 24,149 163 1980
15.4539 7400 27,9824 1720 24,312 156 2070
16,1939 7489 28,1544 1662 24,468 151 2160
16.9388 7495 28.3206 1606 24,619 145 2250
17.6883 739 28,4812 1554 24,765 140 2340
18,4422 7580 28,6366 1506 24,905 136 2430
19.2002 7619 28,7872 1461 25,041 132 2520
19,9621 7654 28,9333 418 25.173 128 2610
20,7275 7688 29,0751 B 25,301 124 2700
21.4963 ™me 29,2128 1339 25.425 120 2790
22,2682 7748 29,3467 1302 25.545 n7 2880
23,0430 6 29.4769 1268 25.662 114 2970
23,8206 7802 29,6037 1236 25,776 1 3060
24.6008 7826 29,7273 1204 25.887 109 3150
25.3834 7850 29,8477 un 25.996 105 3240
26,1684 70 29.9652 1147 26,101 104 3330
26,9554 7892 30.0799 1120 26.205 100 3420
27,7446 7910 30.1919 1094 26,305 99 3510
28.5356 7925 30,3013 1070 26,404 9% 3600
29,3285 547 30.4083 1046 26.500 95 3690
30.1232 62 30.5129 1023 26.595 92 3780
30,9194 978 30.6152 1002 26.687 90 3870
31,7172 7993 30,7154 981 26.777 -] 3960
32.5165 8007 30,8135 962 26.866 a7 4050
33,3172 8020 30,9097 942 26,953 & 4140
34,1192 8033 31,0039 924 27.038 84 4230
34,9225 BOAS 31.0963 906 27.122 8 4320
35.7270 8057 31.1869 8%0 27.204 80 4410
36.5327 BO68 31,2759 872 27.284 7 4500
37.3395 8078 31,2631 8s7 27.363 78 4590
38,1473 8089 31.4488 842 27.441 7 4680
38,9562 8099 31,5330 827 27.517 7% 4770
39,7661 8108 31.6157 813 27.593 74 4860
40.5769 8117 31,6970 799 27.667 72 4950
41,3886 31,7769 27.739 5040
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TABLE 1.- SPECIFIC HEAT, ENTHALFY, ENTROPY, AND FREE ENERGY

OF MOLECULAR NITROGEN IN IDEAL-GAS STATE - Concluded

[°] ) 0
og o° E® - E,y Ed -!F° - Eg ) o
R RT, R RT
2800 4.4369 6 41,3886 8125 31.7769 785 27,739 ” 5040
2850 4,4415 45 42,2011 8134 31.8554 m 27.811 70 5130
2900 4,4460 4 43,0145 8142 31.9327 761 27.881 69 5220
2950 4,4503 82 43,8287 8150 32,0088 748 27.950 ] 5310
3000 4,4545 0 44,6437 BI58 32.0836 nI 28.019 (34 5400
3050 4,4585 » 45,4595 Bl64 32,1573 725 28.086 66 5490
3100 4,4624 39 46,2759 8172 32,2298 715 28,152 6 5580
3150 4,4663 36 47.0931 8178 32,3013 709 28.218 64 5670
3200 4,4699 36 47,9109 8186 32,3716 93 28,282 8 5760
3250 4,4735 35 48,7295 8191 32.4409 684 28.345 [] 5850
3300 4.4770 34 49,5486 8198 32,5093 673 28.408 & 5940
3350 4,4804 2 50,3684 8204 32,5766 664 28.470 ] 6030
3400 4,4836 32 51.1888 810 32,6430 655 28,530 61 6120
3450 4.4868 32 52.0098 216 32,7085 846 28,591 59 6210
3500 4,.4900 30 52.8314 8221 32,7731 &7 28,650 58 6300
3550 4,4930 10 53.6535 8227 32,8368 628 28,708 58 6390
3600 4,4960 28 54.4762 8232 32,8996 621 28,766 57 6480
3650 4,4988 28 95.2994 6238 32,9617 612 28,823 57 6570
3700 4,5016 28 56,1232 242 33,0229 605 28.880 55 6660
3750 4,5044 27 56.9474 8248 33,0834 597 28.935 55 6750
3800 4,5071 26 57,7722 8252 33,1431 589 28.990 55 6840
3850 4.5097 26 58,5974 8257 33,2020 582 29,045 53 6930
3900 4,5123 %5 59,4231 8262 33.2602 575 29.098 53 7020
3950 4,5148 E 60.2493 8266 33,3177 568 29,151 53 7110
4000 4,5173 24 61.0759 8271 33.3745 561 29.204 52 7200
4050 4,5197 24 61.9030 8276 33,4306 555 29,256 51 7290
4100 4,5221 24 62.7306 [:724] 33,4861 548 29,307 50 7380
4150 4,5245 2 63,5585 [:: 33,5409 542 29.357 51 7470
4200 4.5268 2 64,3868 8288 33,5951 536 29.408 L 7560
4250 4,5290 22 65,2156 8292 33.6487 530 29.457 49 7650
4300 4,5312 2 66,0448 8297 33,7017 524 29,506 29 7740
4350 4.5334 22 66,8745 8300 33,7541 518 29.555 48 7830
4400 4,5356 21 67,7045 304 33,8059 513 29,603 a7 7920
4450 4.5377 2t 68,5349 8308 33,8572 507 29,650 a7 8010
4500 4,5398 21 69.3657 an 33,9079 502 29.697 a7 8100
4550 4,5419 21 70.1968 [:630 33,9581 496 29.744 46 8190
4600 4.5440 20 71,0284 B19 34,0077 592 29.790 46 8280
4650 4,5460 20 71.8603 B324 34,0569 486 29.836 a5 8370
4700 4.5480 20 72.6927 8326 34,1055 481 29.881 [N 8460
4750 4,5500 20 73.5253 8330 34,1536 an 29.925 a5 8550
4800 4,5520 20 74,3583 8334 34,2013 471 29.970 a4 8640
4850 4,5540 19 75,1917 8338 34,2484 468 30.014 2 8730
4900 4,5559 20 76,0255 8342 34,2952 263 30.057 L) 8820
4950 4,5579 19 76.8597 B4 34,3415 458 30,100 L] 8910
5000 4,5598 77.6941 34,3873 30.143 9000

35
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TABLE 2.- SPECIFIC HEAT, ENTHALPY, ENTROFY, AND FREE ENERGY
OF ATOMIC NITROGEN IN IDEAL-GAS STATE

! o 0 o
; HO - By o -(F° - Eo
x| e 28 i s oR
R RTO R RT
i
10 2.5000 0915 915 9.9377 1728 7.4377 17328 18
20 .1830 916 11.6705 10137 9.1705 10137 36
30 2746 915 12,6842 TR 10.1842 n92 54
40 L3661 915 13.4034 5579 10.9034 5579 72
50 L4576 915 13,9613 4558 11.4613 4558 90
60 .5491 916 14.4171 3853 11.9171 3853 108
70 .6407 915 14,8024 1319 12,3024 339 126
80 L7322 915 15.1363 2944 12.6363 2944 144
90 .8237 915 15,4307 2634 12,9307 2634 162
100 9152 915 15.6941 2383 13.1941 238 180
110 1.0067 5l 15.9324 2175 13.4324 ans 198
120 1.0983 915 16,1499 2001 13.6499 2001 216
130 1.1898 915 16,3500 1853 13,8500 1853 234
140 1.2813 915 16,5353 1725 14,0353 1725 252
150 1.3728 915 16,7078 1613 14.2078 1613 270
160 1.4643 96 16.8691 1516 14,3691 1516 288
170 1.5559 915 17.0207 1429 14,5207 1429 306
180 1.6474 915 17.1636 1352 14,6636 1352 324
190 1.7389 915 17,2988 1282 14,7988 1282 342
200 1.8304 916 17.4270 1220 14,9270 1220 360
210 1,9220 915 17.5490 nes 15.0490 1163 378
220 2.0135 915 17.6653 nn 15.1653 8} 396
230 2.1050 915 17.7764 1064 15,2764 1064 414
240 2.1965 915 17.8828 1020 15,3828 1020 432
250 2.2880 916 17.9848 961 15,4848 981 450
260 2.379¢6 915 18.0829 944 15,5829 944 468
270 2.4711 915 18.1773 L) 15,6773 909 486
280 2.5626 915 18.2682 11 15,7682 877 504
290 2.6541 915 18.3559 848 15.8559 848 522
300 2.7456 916 18.4407 19 15,9407 819 540
310 2.8372 915 18.5226 794 16,0226 794 558
320 2.9287 915 18,6020 769 16,1020 769 576
330 3.0202 915 18.6789 747 16,1789 747 594
340 3,1117 916 18.7536 724 16,2536 724 612
350 3.2033 s 18.8260 o5 16.3260 705 630
360 3,2948 915 18.8965 68 16.3965 865 648
370 3.3863 915 18,9650 773 16,4650 566 666
380 3.4778 915 19,0316 650 16.5316 50 684
390 3,5693 916 19.0966 633 16.5966 633 702
400 3.6609 915 19.1599 617 16.6599 617 720
410 3.7524 915 19.2216 602 16,7216 602 738
420 3,8439 915 19,2818 589 16.7818 589 756
430 3.9354 915 19.3407 574 16.8407 574 774
440 4,0269 916 19,3981 562 16.8981 562 792
450 4,1185 915 19,4543 550 16.9543 550 810
460 4,2100 915 19.5093 537 17.0093 537 828
470 4,3015 915 19.5630 527 17.0630 527 846
480 4.3930 916 19,6157 515 17.1157 515 864
430 4.484¢6 915 13,6672 505 17.1672 505 882
500 4,5761 915 19.7177 495 17.2177 495 900
510 4.6676 915 19.7672 486 17,2672 486 918
520 4,7591 915 19.8158 L33 17,3158 476 936
530 4,8506 916 19,8634 a7 17.3634 487 954
540 4,9422 915 19,9101 459 17,4101 59 972
550 5.0337 915 19.9560 450 17,4560 450 990
560 5.1252 915 20.0010 43 17.5010 a3 1008
570 5.2167 915 20.0453 435 17.5453 435 1026
580 5.3082 916 20,0888 427 17.5888 427 1044
590 5.3998 915 20,1315 420 17.6315 420 1062

600 5.4913 20.1735 17.6735 1080
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TABLE 2.- SPECIFIC HEAT, ENTHALFY, ENTROFY, AND FREE ENERGY

OF ATOMIC NITROGEN IN IDEAL-GAS STATE - Continued

o i° : S & -!F°-Eo°! on

R RT, R RT
600 2.5000 5.4913 915 20,1735 an 17,6735 a1 1080
610 5.5828 918 20,2148 407 17.7148 407 1098
620 5.6743 516 20,2555 400 17,7555 400 1116
630 5.7659 915 20,2955 394 17,7955 394 1134
640 5.8574 915 20.3349 387 17.8349 387 1152
650 5.9489 915 20,3736 382 17,8736 11 1170
660 6.0404 915 20.4118 376 17.9118 376 1188
670 6.1319 918 20,4494 170 17.9494 170 1206
680 6.2235 915 20,4864 365 17.9864 365 1224
690 6.3150 915 20,5229 360 18,0229 360 1242
700 6.4065 915 20.5589 155 18,0589 355 1260
710 6.4980 915 20.5944 9 18.0944 19 1278
720 6.5895 916 20.6293 325 18,1293 345 1296
730 6.6811 915 20.6638 340 18.1638 340 1314
740 6.7726 915 20,6978 336 18,1978 336 1332
750 6.8641 915 20,7314 331 18.2314 b3) 1350
760 6,9556 916 20.7645 327 18.2645 327 1368
770 7.0472 915 20,7972 322 18,2972 322 1386
780 7.1387 915 20.8294 - 39 18,3294 319 1404
790 7.2302 915 20.8613 314 18.3613 314 1422
800 7.3217 4576 20,8927 1516 18.3927 1516 1440
850 7.7793 4575 21.0443 1429 18,5443 1429 1530
900 B.2369 4576 21.1872 1352 18,6872 1352 1620
950 B.6945 4576 21.3224 1282 18.8224 1282 1710
1000 9.1521 a577 21,4506 1220 18,9506 1220 1800
1050 9.6098 4578 21.5726 1163 19.0726 1163 1890
1100 10,0674 4576 21,6889 1m 19.1889 1 1980
1150 10,5250 4574 21,8000 1064 19.3000 1064 2070
1200 10.9826 4576 21.9064 1020 19.4064 1020 2160
1250 11,4402 4576 22,0084 981 19.5084 981 2250
1300 11,8978 4576 22,1065 943 19.6065 943 2340
1350 12,3554 4576 22,2008 910 19,7008 910 2430
1400 12,8130 4576 22.2918 a7 19.7918 a7 2520
1450 13,2706 4575 22.3795 847 19,8795 B47 2610
1500 13,7281 577 22,4642 &0 19.9642 820 2700
1550 2.5000 14,1858 4577 22,5462 ™5 20.0462 795 2790
1600 2.5000 14,6435 4576 22.6257 769 20,1257 769 2880
1650 2.5000 1 15,1011 576 22.7026 4% 20.2026 746 2970
1700 2.5001 15,5587 4576 22.7772 725 20,2772 75 3060
1750 2.5001 1 16.0163 4576 22.8497 705 20,3497 704 3150
1800 2.5002 16,4739 4576 22,9202 685 20.4201 685 3240
1850 2,5002 1 16.9315 4577 22,9887 666 20.4886 647 3330
1900 2.5003 1 17.3892 4577 23,0553 650 20,5553 o9 3420
1950 2.5004 1 17.8469 4578 23,1203 533 20,6202 &33 3510
2000 2.5005 2 18,3047 8577 23.1836 618 20.6835 817 3600
2050 2.5007 2 18,7624 4576 23,2454 602 20,7452 603 3690
2100 2.5009 2 19.2200 &77 23,3056 588 20.8055 586 3780
2150 2.5011 3 19.6777 4579 23.3644 575 20.8643 575 3870
2200 2.5014 5 20,1356 4580 23,4219 563 20,9218 562 3960
2250 2.5018 4 20,5936 4581 23,4782 550 20.9780 550 4050
2300 2,5022 5 21.0517 4580 23,5332 538 21,0330 537 4140
2350 2.5027 [ 21,5097 4581 23,5870 527 21.0867 526 4230
2400 2.5033 7 21.9678 58 23,6397 516 21.1393 516 4320
2450 2.5040 9 22.4261 4585 23,6913 506 21,1909 507 4310
2500 2.5049 9 22.8847 4586 23,7419 296 21,2416 495 4500
2550 2.5058 n 23,3433 4588 23.7915 487 21,2911 486 4590
2600 2.5069 B 23,8021 4590 23.8402 aT7 21,3397 &76 4680
2650 2.5082 13 24,2611 4592 23,8879 469 21,3873 467 4770
2700 2.5095 16 24,7203 4595 23.9348 461 21.4340 59 4860
2750 2.5111 17 25,1798 2597 23,9809 453 21,4799 450 4950

2800 2.5128 25,6395 24,0262 21.5249 5040



38

NACA TN 3271
TABIE 2.- SPECIFIC HEAT, ENTHALPY, ENTRCPY, AND FREE ENERGY
OF ATOMIC NITROGEN IN IDEAL-GAS STATE - Concluded
o%° B - & ) FO - EOO)
ox —_— = OR
R RTo R RT
2800 2,5128 19 25,6395 4601 24,0262 a5 21.5249 443 5040
2850 2.5147 21 26,0996 4604 24,0707 a7 21,5692 435 5130
2900 2.5168 3 26,5600 £508 24.1144 80 21.6127 428 5220
2950 2,5191 F 27,0208 4512 24,1574 424 21,6555 420 5310
3000 2.5216 21 27.4820 4618 24,1998 a7 21,6975 413 5400
3050 2,5243 29 27.9438 4623 24,2415 £11 21,7388 407 5490
3100 2,5272 32 28.4061 4629 24,2826 404 21,7795 400 5580
3150 2,5304 35 28.8690 4635 24,3230 39 21.8195 395 5670
3200 2.5339 37 29,3325 4642 24,3629 393 21.8590 388 5760
3250 2.5376 % 29.7967 4549 24,4022 388 21.8978 L] 5850
3300 2.5415 4 30.2616 4656 24,4410 hL: 4 21.9361 378 5940
3350 2.5456 5 30,7272 4663 24,4792 378 21,9739 372 6030
3400 2.5501 a7 31.1935 4672 24.5170 372 22,0111 167 6120
3450 2.5548 L] 31.6607 4681 24,5542 368 22,0478 362 6210
3500 2.5597 52 32,1288 4689 24,5910 36 22,0840 356 6300
3550 2.5649 55 32,5977 4700 24,6273 359 22,1196 350 6390
3600 2.5704 57 33,0677 4709 24.6632 355 22,1546 346 6480
3650 2.5761 &0 33,5386 4720 24,6987 351 22,1892 340 6570
3700 2.5821 ] 34,0106 an 24,7338 347 22,2232 336 6660
3750 2.,5884 &6 34.4837 4744 24,7685 343 22,2568 32 6750
3800 2.5950 8 34,9581 £757 24.8028 340 22.2900 328 6840
3850 2,6018 7 35.4338 4770 24,8368 336 22.3228 324 6930
3300 2.6089 74 35.9108 4784 24.8704 33 22,3552 320 7020
3950 2.6163 77 36,3892 4797 24,9037 330 22,3872 317 7110
4000 2.6240 i) 36.8689 4811 24.9367 326 22.4189 313 7200
4050 2.6319 81 37.3500 4824 24,9693 324 22.4502 309 7290
4100 2,6400 B4 37.8324 4840 25.0017 320 22.4811 305 7380
4150 2.6484 86 38,3164 4855 25.0337 318 22,5116 302 7470
4200 2.6570 ® 38,8019 4871 25.0655 315 22,5418 29 7560
4250 2,6659 91 39.2890 4888 25.0970 312 22.5717 2% 7650
4300 2.6750 94 39.7778 4304 25.1282 310 22,6013 92 7740
4350 2.6844 9% 40,2682 2922 25,1592 307 22,6305 289 7B30
4400 2.6940 97 40.7604 4940 25.1899 305 22,6594 287 7920
4450 2.7037 100 41.2544 4958 25,2204 303 22,6881 283 8010
4500 2,7137 102 41.7502 4977 25.2507 300 22,7164 280 8100
4550 2.7239 104 42,2479 4996 25.2807 29 22.7444 2718 8190
4600 2.7343 106 42.7475 5015 25,3106 296 22,7722 21 8280
4650 2.7449 167 43,2490 5034 25,3402 294 22,7996 mn 8370
4700 2.7556 110 43,7524 5055 25,3696 292 22,8268 269 8460
4750 2.7666 111 44,2579 5075 25.3988 290 22.8537 267 8550
4800 2.7777 n2 44,7654 5094 25,4278 289 22,8804 264 B&640
4850 2.7889 114 45,2748 5116 25.4567 287 22.9068 261 8730
4900 2.8003 116 45,7864 5136 25.4854 285 22,9329 260 8820
4950 2.8119 116 46.3000 5156 25,5139 28 22,9589 257 B910
5000 2.8235 46,8156 25,5422 22,9846 9000
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TABLE 3.~ COMPRESSIBILITY FACTOR 7 = PV/RT FOR MOLECULAR NITROGEN

K 0.01 atm 0.1 atm 0.4 atm 0.7 atm °rR
100 .99982 4 .99820 2 9927 bJ 987 3 180
110 .99986 3 .99862 30 .9944 13 .990 2 198
120 .99989 H .99892 22 .9957 9 992 2 216
130 .99991 2 .99914 17 .9966 [ .994 1 234
140 .99993 1 .99931 hi] 9972 [ 995 1 252
150 .99994 1 .99944 10 .99776 41 9961 7 270
160 .99995 1 .99954 8 .99817 3 .9968 [3 288
170 .99996 1 .99962 7 .99850 2 ,9974 4 306
180 .99997 .99969 5 .99876 21 .9978 4 324
190 .99997 1 .99974 s .99897 18 .9982 3 342
200 .99998 99979 1 .99915 15 ,99851 26 360
210 .99998 1 .99982 3 .99930 12 99877 2 378
220 99999 .99985 3 .99942 10 .99898 18 396
230 .99999 .99988 2 .99952 9 .99916 16 414
240 .99999 .99990 2 .99961 7 .99932 n 432
250 .99999 .99992 2 .99968 7 .99945 1 450
260 .99999 1 .99994 1 .99975 5 .99956 10 468
270 1.00000 .99995 1 .99980 5 .99966 8 486
280 1.00000 .99996 1 .99985 4 .99974 7 504
290 1.00000 .99997 1 .99989 4 .99981 [3 522
300 1.00000 .99998 1 .99993 3 .99987 3 540
310 1.00000 .99999 1 .99996 3 .99993 4 558
320 1.00000 1.00000 .99999 2 .999%7 5 576
330 1.00000 1.00000 1 1.00001 2 1.00002 3 594
340 1.00000 1.00001 1.00003 2 1,00005 3 612
350 1.00000 1.00001 1 1.00005 1 1.00008 3 630
360 1.00000 1.00002 1.00006 2 1.00011 3 648
370 1.00000 1.00002 1.00008 1 1.00014 2 666
380 1.00000 1.00002 1 1.00009 1 1.00016 2 684
390 1.00000 1.00003 1.00010 1 1.00018 2 702
400 1.00000 1.00003 1.00011 1 1,00020 1 720
410 1.00000 1.00003 1.00012 1 1,00021 1 738
420 1,00000 1.00003 1.00013 1.00022 2 756
430 1.00000 1.00003 1 1.00013 1 1,00024 1 774
440 1.00000 1.00004 1.00014 1 1.00025 792
450 1.00000 1,00004 1.00015 1,00025 1 810
460 1.00000 1.00004 1.00015 1.00026 1 828
470 1.00000 1.00004 1.00015 1 1.00027 1 846
480 1.00000 1.00004 1.00016 1.00028 864
490 1.00000 1.00004 1.00016 1.00028 1 882
500 1.00000 1.00004 1.00016 1 1.00029 900
510 1.00000 1.00004 1,00017 1.00029 918
520 1.00000 1.00004 1,00017 1.00029 1 936
530 1.00000 1.00004 1.00017 1.00030 954
540 1.00000 1.00004 1.00017 1.00030 972
550 1.00000 1.00004 1.00017 1.00030 990
560 1.00000 1.00004 1.00017 1.00030 1008
570 1.00000 1.00004 1.00017 1.00030 1026
580 1.00000 1.00004 1,00017 1.00030 1044
590 1.60000 1.00004 1.00017 1.00030 1062
600 1.00000 1,.00004 1.00017 1.00030 1 1080
610 1.00000 1.00004 1.00017 1.00031 1098
620 1.00000 1.00004 1.00017 1,00031 1 1116
630 1,00000 1.00004 1.00017 1.00030 1134
640 1.00000 1.00004 1.00017 1,00030 1152
650 1.00000 1,00004 1.00017 1.00030 1170
660 1.00000 1.00004 1.00017 1.00030 1188
670 1.00000 1,00004 1.00017 1.00030 1206
680 1.00000 1.00004 1.00017 1.00030 1224
690 1.00000 1.00004 1.00017 1.00030 1242
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TABLE 3.- COMPRESSIBILITY FACTOR Z = PV/RT FOR MOLECULAR NITROGEN - Contlnued

NACA TN 3271

l K I 0.01 atm 0.1 atm 0.4 atm 0.7 atm °r
700 1.00000 1.00004 1.00017 1.00030 1260
710 1.00000 1.00004 1.00017 1.00030 1278
720 1.00000 1,00004 1.00017 1.00030 1296
730 1.00000 1.00004 1.00017 1.00030 -1 1314
740 1.00000 1.00004 1.00017 1.00029 1332
750 1.00000 1.00004 1.00017 1.00029 1350
760 1.00000 1,00004 1.00017 1.00029 1368
770 1.00000 1.00004 1.00017 - 1.00029 1386
780 1.00000 1.00004 1.00016 1.00029 1404
790 1.00000 1.00004 1.00016 1.00029 1422
800 1.00000 1.00004 1.00016 1.00029 -1 1440
850 1.00000 1.00004 1.00016 - 1.00028 -1 1530
300 1.00000 1,00004 1.00015 1.00027 -1 1620
950 1,00000 1.00004 1.00015 - 1.00026 -1 1710
1000 1.00000 1.00004 -1 1.00014 1.00025 -1 1800
1050 1.00000 1.00003 1.00014 - 1.00024 1890
1100 1.00000 1.00003 1.00013 1.00024 - 1 1980
1150 1.00000 1.00003 1.00013 1.00023 -1 2070
1200 1.00000 1.00003 1.00013 - 1.00022 1 2160
1250 1.00000 1.00003 1.00012 1.00021 2250
1300 1.00000 1.00003 1.00012 1.00021 - 1 2340
1350 1.00000 1.00003 1.00012 - 1.00020 2430
1400 1.00000 1.00003 1.00011 1.00020 1 2520
1450 1.00000 1.00003 1.00011 1.00019 - 1 2610
1500 1.00000 1.00003 1.00011 - 1.00018 2700
1550 1.00000 1.00003 -1 1.00010 1.00018 -1 2790
1600 1,00000 1.00002 1.00010 1.00017 2880
1650 1.00000 1.00002 1.00010 - 1.00017 - 1 2970
1700 1.00000 1,00002 1.00009 1.00016 3060
1750 1.00000 1.00002 1.00009 1.00016 3150
1800 1.00000 "1.00002 1.00009 1.00016 -1 3240
1850 1.00000 1.00002 1.00009 - 1.00015 3330
1900 1.00000 1.00002 1.00008 1,00015 -1 3420
1950 1.00000 1.00002 1.00008 1.00014 3510
2000 1.00000 1.00002 1.00008 1.00014 3600
2050 1.00000 1.00002 1.00008 1.00014 3690
2100 1.00000 1.00002 1.00008 1.00014 - 1 3780
2150 1.00000 1.00002 1.00008 - 1.00013 3870
2200 1.00000 1.00002 1.00007 1.00013 3960
2250 1.00000 1.00002 1.00007 1.00013 - 1 4050
2300 1.00000 1.00002 1.00007 1.00012 4140
2350 1.00000 1.00002 1.00007 1.00012 4230
2400 1.00000 1.00002 1.00007 1.00012 4320
2450 1,00000 1.00002 1.00007 - 1.00012 - 1 4410
2500 1,00000 1.00002 1.00006 1.00011 4500
2550 1.00000 1.00002 1.00006 1.00011 4590
2600 1,00000 1.00002 1.00006 1.00011 4680
2650 1.00000 1.00002 1.00006 1,00011 4770
2700 1.00000 1.00002 -1 1.00006 1.00011 - 1 4Bed
2750 1.00000 1.00001 1.00006 1.00010 4950
2800 1.00000 1.00001 1.00006 1.00010 5040
2850 1.00000 1.00001 1.00006 1,00010 5130
2900 1.00000 1.00001 1,00006 - 1,00010 5220
2950 1.00000 1.00001 1.00005 1.00010 - 1 5310
3000 1.00000 1.00001 1.00005 1,00009 5400
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TABLE 3.- COMPRESSIBILITY FACTOR

Z = PV/RT FOR MOLECULAR

NITROGEN - Continued

oK 1 atm 4 atm 7 atm 10 atm °r
100 .981 5 .909 30 .783 98 180
110 .98B6 3 .929 15 .881 35 .805 8 198
120 .989 2 954 10 916 20 .873 »n 216
130 991 2 964 8 .936 14 906 21 234
140 993 1 972 5 .950 10 927 15 252
150 .9944 10 9773 42 L9597 7 L9416 113 270
160 .9954 8 .9815 33 L9673 60 .9529 88 288
170 9962 7 .9848 27 .9733 48 L9617 68 306
180 9969 5 .9875 2 9781 39 .9685 57 324
190 .9974 5 .9897 18 .9820° 3t 9742 4% 342
200 99788 36 .99150 148 .98514 261 .3788 by 360
210 .99824 k)1 .99298 124 .98775 217 .9825 32 378
220 99855 26 .99422 103 .98992 182 .9857 26 396
230 99881 21 .99525 88 .99174 154 .9883 22 414
240 .99902 19 .99613 ™ .99328 31 .9905 19 432
250 .99921 16 .99688 63 99459 m 99235 159 450
260 .99937 14 99751 56 99570 9% .99394 17 468
270 99951 12 .99807 a7 .99666 [:J .99531 117 486
280 .99963 10 .99854 a .99749 n .39648 102 504
290 99973 9 .99895 35 .99820 62 .99750 88 522
300 99982 [ .39930 31 .99882 = .99838 7 540
310 99990 [3 .99961 27 .99936 a7 99915 & 558
320 .99996 6 .99988 24 .99983 a .99981 ] 576
330 1.00002 5 1.00012 20 1.00024 ¥ 1.00040 51 594
340 1.00007 5 1.00032 18 1.00060 2 1.00091 45 612
350 1.00012 4 1.00050 16 1.00092 7 1.00136 » 630
360 1.00016 4 1.00066 15 1.00119 FL] 1.00175 b1 648
370 1.00020 3 1.00081 12 1.00144 21 1.00210 20 666
380 1.00023 3 1.00093 1 1.00165 19 1.00240 1 684
390 1.00026 2 1,00104 ] 1.00184 17 1.00267 2 702
400 1.00028 2 1,00113 9 1.00201 15 1.00290 22 720
410 1.00030 2 1.00122 8 1.00216 13 1.00312 18 738
420 1.00032 2 1.00130 6 1.00229 11 1.00330 15 756
430 1.00034 1 1.00136 6 1.00240 n 1.00345 L1 774
440 1.00035 1 1.00142 5 1.00251 8 1.00360 12 792
450 1.00036 2 1.00147 4 1.00259 7 1.00372 1 810
460 1.00038 1 1.00151 4 1.00266 7 1.00383 9 828
470 1.00039 1.00155 4 1.00273 [ 1.00392 9 846
480 1.00039 1 1.00159 2 1.00279 5 1.00401 7 864
490 1.00040 1 1.00161 3 1.00284 5 1.00408 [3 882
500 1.00041 1.00164 3 1.00289 ) 1.00414 [ 900
510 1.00041 1 1.00167 1 1,00293 2 1.00420 4 918
520 1.00042 1.00168 2 1.00295 3 1.00424 3 936
530 1.00042 1 1.00170 1 1,00298 3 1.00427 4 954
540 1,00043 1.00171 1 1,00301 2 1,00431 3 972
550 1.00043 1.00172 1 1.00303 1 1.00434 1 990
560 1.00043 1.00173 1 1.00304 1 1.00435 2 1008
570 1.00043 1,00174 1.00305 1 1.00437 1 1026
580 1.00043 1 1.00174 1.00306 1.00438 1 1044
590 1.00044 1.00174 1.00306 1.00439 1062
600 1,00044 1.00174 1.00306 1.00439 1080
610 1.00044 1.00174 1,00306 1 1.00439 1098
620 1,00044 1.00174 1.00307 1.00439 - 1 1116
630 1.00044 1.00174 1.00307 -1 1.00438 1134
640 1.00044 1 1.00174 1.00306 - 1 1.00438 - .1 1152
650 1.00043 1,00174 -1 1.00305 -1 1,00437 - 1 1170
660 1.00043 1.00173 1.00304 1.00436 -1 1188
670 1.00043 1.00173 - 1 1.00304 1 1.00435 - 2 1206
680 1.00043 1.00172 1,00303 - 2 1.00433 - 2 1224
690 1.00043 1.00172 -1 1.00301 1.00431 - 1 1242
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TABLE 3,- COMPRESSIBILITY FACTOR 2 = PV/RT FOR MOLECULAR NITROGEN - Continued

o 1 atm L atm 7 atm 10 atm OR
700 1.00043 1.00171 - 1 1.00301 - 2 1.00430 - 2 1260
710 1.00043 -1 1.00170 1.00299 -1 1.00428 - 2 1278
720 1.00042 1.00170 - 1 1.00298 -1 1.00426 -1 1296
730 1.00042 1.00169 -1 1.00297 -1 1.00425 - 2 1314
740 1.00042 1.00168 1.00296 - 2 1.00423 - 2 1332
750 1.00042 1.00168 -1 1.00294 - 1 1.00421 - 2 1350
760 1.00042 -1 1.00167 - 1 1.00293 - 2 1,00419 - 3 1368
770 1.00041 1.00166 - 1 1,00291 - 2 1.00416 - 2 1386
780 1.00041 1.00165 -1 1.0028% - 1 1.00414 - 3 1404
790 1.00041 1.00164 -1 1.00288 - 2 1.00411 - 2 1422
800 1.00041 -1 1,00163 - 5 1.00286 - 9 1.00409 - 1 1440
850  1.00040 -2 1.00158 - 4 1.00277 - @ 100396 - 12 1530
900 1.00038 -1 1.00154 - 5 1.00269 - 9 1.00384 - 1620
950 1.00037 -1 1.00149 - 5 1.00260 - 8 1.00372 - 12 1710
1000 1.00036 -1 1.00144 - 5 1.00252 - 8 1.00360 - 12 1800
1050 1.00035 -1 1,00139 LI | 1.00244 - 8 1.00348 -1 1890
1100 1.00034 -1 1.00135 - 5 1.00236 - 8 1,00337 -1 1980
1150 1,00033 -1 1.00130 - 4 1.00228 - 7 1,00326 - 10 2070
1200 1.00032 -1 1.00126 - 4 1.00221 -7 1.00316 - 10 2160
1250 1.00031 -1 1.00122 - 3 1.00214 - 6 1.00306 - 9 2250
1300 1.00030 -1 1.00119 - & 1,00208 - 6 1.00297 - 9 234D
1350 1,00029 -1 1.00115 - 3 1.00202 - 7 1.00288 - 9 2430
1400 1.00028 -1 1.00112 - & 1.00195 - 5 1.00279 - 8 2520
1450 1.00027 -1 1.00108 - 3 1,00190 - % 1.00271 - 8 2610
1500 1.00026 1.00105 - 3 1,00184 - 5 1.00263 - 7 2700
1550 1.00026 -1 1.00102 - 2 1,00179 - 5 1.00256 - 1 279
1600 1.00025 -1 1.00100 - 3 1,00174 -5 1.00249 - 7 2880
1650 1.00024 1.00097 - 3 1.00169 - 4 1.00242 - 7 2970
1700 1.000243 -1 1.00094 - 2 1.00165 - 5 1.00235 - b 3060
1750 1.00023 -1 1.00092 - 3 1.00160 - 4 1.00229 - 6 3150
1800 1.00022 1.00089 - 2 1,00156 - 3 1.00223 - 5 3240
1850 1.00022 -1 1.00087 - 2 1,00153 - 5 1.00218 - & 3330
1900 1.00021 1.00085 - 2 1.00148 - 3 1.00212 - 5 3420
1950 1.00021 -1 1.00083 - 2 1.00145 - 4 1.00207 - 5 3510
2000 1.00020 1.00081 - 2 1.00141 - 3 1.00202 - 5 3600
2050 1.00020 -1 1.00079 -2 1.00138 - 3 1.00197 - 4 3690
2100 1,00019 1,00077 - 2 1.00135 - 3 1.00193 - s 3780
2150 1.00019 -1 1.00075 - 1 1.00132 - 3 1.00188 - 4 387¢
2200 1.00018 1.00074 - 2 1.00129 - 3 1.00184 - 4 3960
2250 1.00018 - 1.00072 - 2 1.00126 - 3 1.00180 - 4 4050
2300 1.00018 -1 1.00070 -1 1.00123 - 2 1.00176 - 3 4140
2350 1.00017 1.00069° -1 1.00121 - 3 1.00173 - a4 4230
2400 1.00017 1.00068 - 2 1.00118 - 2 1.00169 - 3 4320
2450 1.00017 -1 1.00066 - 1 1.00116 - 13 1.00166 ~ 4 4410
2500 1.00016 1.00065 -1 1.00113 - 2 1.00162 - 1 4500
2550 1.00016 1.00064 -2 1.00111 - 2 1.00159 - 3 4590
2600 1.00016 -1 1.00062 - 1 1,00109 - 2 1.00156 - 3 4680
2650 1.00015 1.00061 -1 1.00107 - 2 1,00153 - 3 4770
2700 1.00015 1.00060 - 1 1.00105 - 2 1.00150 - 3 4860
2750 1.00015 1.00059 - 1 1.00103 -1 1.00147 - 2 4950
2800 1.00015 -1 1,00058 -1 1.00102 - 3 1.00145 - 3 5040
2850 1.00014 1.00057 -1 1.00099 - 2 1.00142 - 3 5130
2900  1.00014 1.00056 - 1 1.00097 - 1 1.00139 - 2 5220
2950 1.00014 1.00055 -1 1.00096 -1 1.00137 - 2 5310

3000 1.00014 1.00054 1.00095 1.00135 5400



NACA TN 3271

TABLE 3.- COMPRESSIBILITY FACTOR Z = PV/RT FOR MOLECULAR NITROGEN - Continued

%k 10 atm %0 atm 70 atm 100 atm °r
110 .B05 68 198
120 .873 33 216
130 .906 2l 234
140 927 15 252
150 .9416 13 736 3] 270
160 .9529 -] .799 L] 288
170 L9617 1] .B43 30 306
180 .9685 57 873 2 .787 50 324
190 .9742 46 .899 20 .837 34 342
200 .9788 ” .9185 15 .8705 264 .844 34 360
210 .9825 32 .9341 126 .8969 am .878 27 378
220 .9857 26 9467 104 .9180 m .905 22 396
230 .9883 2 L9571 87 .9352 42 .9268 1 414
240 .9905 19 .9658 ) .9494 119 .9445 148 432
250 .99235 159 .97311 614 L9613 ;] .9593 123 450
260 .99394 137 .97925 528 9712 3 L9716 106 468
270 .99531 117 .98453 7 L9737 n .9822 ] 486
T 280 .99648 102 .98900 184 .9868 61 L9911 75 504
290 .959750 88 .99284 33 .9929 55 .3986 &8 522
300 .998383 77 .99620 288 .3984 45 1,0054 57 540
310 .99915 66 .99908 249 1,0029 41 1.0111 50 558
320 .99981 59 1.00157 216 1.007Q 34 1.0161 a3 576
330 1.00040 51 1.00373 190 1.0104 30 1.0204 28 594
340 1.00091 a5 1.00563 165 1.0134 2 1.0242 32 612
350 1,00136 39 1.00728 124 1.0160 22 1.0274 28 630
360 1.00175 35 1.00872 128 1.0182 20 1.0302 Fi] 648
370 1.00210 30 1.01000 11 1.0202 18 1.0327 22 666
380 1.00240 27 1.01111 98 1.0220 15 1.0349 19 684
390 1.00267 23 1.01209 ;<] 1,0235 B 1.0368 15 702
400 1.00290 22 1.01292 b 1.0248 12 1.0383 15 720
410 1.00312 18 1.01369 66 1.0260 10 1.0398 13 738
420 1.00330 15 1.01435 B4 1.0270 8 1.0411 10 756
430 1.00345 15 1.01489 51 1.0278 8 1.0421 9 774
440 1.00360 12 1.01540 34 1.0286 6 1.0430 8 792
450 1.00372 11 1.01584 36 1.0292 [ 1.0438 6 810
460 1.00383 9 1.01620 32 1.0298 4 1.0444 5 828
470 1.00392 9 1.01652 30 1.0302 5 1.0449 5 846
480 1.00401 7 1.01682 22 1.0307 3 1.0454 4 864
490 1.00408 6 1.01704 2 1.0310 3 1.0458 3 882
500 1.00414 5 1.01726 18 1,0313 3 1.0461 3 900
510 1.00420 4 1.01744 12 1.0316 1 1.0464 2 918
520 1.00424 3 1.01756 1 1,0317 1 1,0466 1 936
530 1.00427 4 1,01767 jal 1.0318 2 1.0467 1 954
540 1.00431 3 1.01778 9 1.0320 1 1.0468 1 972
550 1.00434 1 1.01787 4 1,0321 1.0469 990
560 1.00435 2 1.01791 4 1,0321 1.0469 -1 1008
570 1.00437 1 1.01795 1 1.0321 1.0468 1026
580 1.00438 1 1.01796 1 1.0321 1.0468 -1 1044
590 1.00439 1.01797 - 2 1.0321 -1 1.0467 -2 1062
600 1.00439 1,01795 1.0320 1.0465 -1 1080
610 1.00439 1,01795 - 3 1.0320 -1 1.0464 -1 1098
620 1.00439 -1 1.01792 -5 1.0319 -1 1.0463 -2 1116
630 1.00438 1.01787 - 3 1.0318 -1 1.0461 -~ 2 1134
640 1.00438 -1 1.01784 - 6 1.0317 -1 1.0459 -2 1152
650 1.00437 -1 1.01778 - & 1.0316 -1 1.0457 -1 1170
660 1,00436 - 1 1.01772 - 6 1.0315 -2 1.0456 -3 1188
670 1,00435 - 2 1,01766 - 6 1.0313 -1 1.0453 -2 1206
680 1.00433 - 2 1.01760 - 10 1.0312 - 2 1,0451 -3 1224
690 1.00431 - 1 1.01750 - & 1.0310 -1 1.0448 -2 1242

b3



Ly

TABLE 3.- COMPRESSIBILITY FACTOR

Z = PV/RT FOR MOLECUTAR NITROGEN - Concluded

NACA TN 3271

o 10 atm b0 atn 70 atm 100 atm °R
700 1.00430 -2 1.01744 - 9 1.0309 -2 1.0446 -z 1260
710 1.00428 - 2 101735 - 9 1.0307 -1 1.0444 -3 1278
720 1,00426 - 1.01726 - ¢ 1.0306 -2 1.0441 -2z 1296
730 1.00425 - 2 1.01720 - 9 1.0304 -1 1.0439 -3 1314
740 1,00823 - 2 1.01711 - 9 1.0303 - 2 1.0436 -3 1332
750 1.00421 -2 1.01702 -9 1,0301 -2 1.0433 -~ 2 1350
760 1.00419 - 3 1.01693 - 13 1.0299 -2 1.0431 - 4 1368
770 1.0n416 - 2 1.01680 -1 1.0297 -2 1,0427 -3 1386
780 1.00414 - 3 1.01670 - & 1.0295 -2 1.0424 -1 1404
790 1.00411 1.01662 -1 1.0293 -1 1.0423 -3 1422
800 1.0041 -1 1.0165 -5 1.0292 - 10 1,0420 -15 1440
850 1.0040 -2 1.0160 -5 1.0282 -9 1.0405 -1 1530
900 1.0038 -1 1.0155 -5 1.0273 -9 1.0391 -1 1620
950 1.0037 -1 1.0150 -5 1.0264 -9 1.0378 -1 1710
1000 1.0036 -1 1.0145 -5 1.0255 -8 1.0365 -1 1800
1050 1.0035 -1 1.0140 -5 1.0247 -9 1.0352 -1 1890
1100 1.0034 - 1.0135 - a4 1.0238 - 8 1,0341 -1 1980
1150 1.0033 -1 1.0131 -4 1.0230 -7 1.0330 -1 2070
1200 1.0032 -1 1.0127 -4 1.0223 -7 1.0319 -1 2160
1250 1.0031 -1 1.0123 -4 1.0216 -7 1.0309 -1 2250
1300 1.0030 -1 1.0119 -3 1.0209 -6 1.0299 - 9 2340
1350 1,0029 -1 1.0116 - 4 1.0203 -7 1.0290 - 10 2430
1400 1.0028 -1 1.0112 -3 1.0196 -6 1.0280 -9 2520
1450 1.0027 -1 1.0109 -4 1.0190 -5 1.0271 -7 2610
1500 1.0026 1.0105 -3 1,0185 -5 1.0264 -1 2700
1550 1.0026 -1 1.0102 -2 1,0180 -5 1.0257 -7 2790
1600 1.0025 1 1,0100 -3 1.0175 -5 1.0250 -7 2880
1650 1,0024 1.0097 -3 1.0170 -5 1.0243 -7 2970
1700 1.0024 -1 1,0094 -2 1.0165 -s 1.0236 - 7 306D
1750 1.0023 -1 1.0092 - 1.0160 -4 1.0229 - & 3150
1800,  1,0022 1.0089 -2 1.0156 -3 1.0223 -5 3240
1850 1.0022 -1 1.0087 -2 1.0153 -5 1.0218 -6 333D
1900 10021 1.0085 -2 1.0148 -3 1.0212 -5 3420
1950 1.0021 -1 1.0083 -2 1.0145 -4 1.0207 - 5 3510
2000 1.0020 1.0081 -2 1.0141 - 1,0202 -~ 5 3600
2050 1.0020 -1 1.0079 -2 1.0138 -3 1.0197 - 4 3690
2100 1.0019 1.0077 -2 1.0135 -3 1.0193 -~ 5 3780
2150 1.0019 -1 1.0075 -1 1.0132 -3 1.0188 - 4 3870
2200 1.0018 1.0074 -2 1.0129 -3 1.0184 - & 3960
2250 1.0018 1.0072 -2 1.0126 -3 1,0180 - 4 4050
2300 1.0018 -1 1.0070 -1 1.0123 -2 1.0176 -3 4140
2350 1.0017 1.0069 -1 1.0121 -3 1.0173 - 4 4230
2400 1.0017 1.0068 -2 1.0118 -2 1.0169 -3 4320
2450 1.0017 -1 1.0066 -1 1.0116 - 1.0166 - & 4410
2500 1,0016 1.0065 -1 1.0113 -2 1.0162 - 3 4500
2550  1.0016 1.0064 -2 1.0111 -2 1.0159 -3 4590
2600 1.0016 -1 1.0062 -1 1.0109 -2 1.0156 - 3 4680
2650 1.0015 1.0061 -1 1.0107 -2 1.0153 -3 4770
2700 1.0015 1.0060 -1 1.0105 -2 1.0150 -~ 3 4860
2750 1.0015 1.0059 -1 1.0103 -1 1.0147 -2 4950
2800 1.0015 - 1.0058 - 1.0102 -3 1.0145 - 3 5040
2850 1.0014 1.0057 -1 1.0099 -2 1.0142 -3 5130
2900 1.0014 1,0056 -1 1.0097 -1 1.0139 -2 5220
2950 1.0014 1,0055 -1 1.0096 -1 1.0137 -2 5310
3000 1.0014 1.0054 1.0095 1.0135 5400

v



NACA TN 3271
TABLE k.- DENSITY p/P OF MOLECULAR NITROGEN
e 0.01 atm J 0.1 atm 0.4 atm 0.7 atm °R
100 02731 -9 .27353 -2497 1.1000 -1015 1.936 -18 180
110 02482 -206 24856 -2078 .9985 - BM 1.755 -149 198
120 02276 -176 22778 -1757 .9141 -ni 1.606 -127 216
130 .02100 -150 .21021 -1505 .8430 - &7 1,479 -107 234
140 .01950 -130 .19516 -13m .7823 - 52 1.372 -9 252
150 01820 -113 .18213 -1140 .72973 - 58 1.2792 - 808 270
160 01707 -101 .17073 -1006 . .68384 ~ 4043 1.1984 - N2 288
170 .01606 -® .16067 - 894 ,64341 - 3591 1,1272 - 630 306
180 .01517 -8 .15173 -9 .60750 - 209 1.0642 - 565 324
190 .01437 - 72 .14374 - n9 .57541 - 2887 1.0077 - 506 342
200 .01365 - 65 .13655 - &1 54654 - 2611 .95706 - B 360
210 .01300 - 59 .13004 - 591 52043 - an 91124 - 4160 378
220 .01241 - 54 .12413 - 540 49672 - 2165 .86964 - 379 396
230 .01187 - %9 .11873 ~ 495 A7507 - 198 .83168 -~ 18 414
240 .01138 -4 .11378 - 456 45524 - 1824 79690 - 3198 432
250 01092 -8 .10922 - 420 .43700 - 1684 76492 - 2950 450
260 01050 -39 .10502 - 38 42016 - 1558 73542 - 468
270 .01011° -3 .10113 - 361 .40458 ~ 1447 .70811 - 2534 486
280 .00975 - 34 .09752 - 337 .39011 - 1347 68277 ~ 2359 504
290 00941 -3 .09415 - 34 37664 - 1257 65918 - 2201 522
300 .00910 -5 .09101 -2 36407 - s 63717 - 2059 540
310 .00881 - 28 .08808 - 276 .35232 - 102 61658 - 1929 558
320 ,00853 -2 08532 - 28 .34130 ~ 1035 59729 - 1813 576
330 .00827 -2 08274 - 284 .33095 - 94 57916 - 1705 594
340 .00803 -7 08030 -9 .32121 - 918 56211 - 1608 612
350 .00780 - 22 .07801 -7 .31203 ~ 867 .54603 ~ 1518 630
360 .00758 - 20 07584 - 205 .30336 - 81 .53085 - 1437 648
370 .00738 - 20 07379 - 194 .29515 -m 51648 - 1360 666
380 .00718 - 18 .07185 - 184 .28738 - ™ 50288 - 1290 684
390 .00700 -1 07001 - 175 .28001 - 700 .48998 - 1226 702
400 00683 -17 .06826 - 167 .27301 ~ 666 47772 - 1166 720
410 .00666 - 16 06659 - 158 26635 - &5 46606 - 11 738
420 .00650 - 15 06501 - 151 .26000 - &5 45496 - 1059 756
430 .00635 -1a .06350 - 145 .25395 - 577 .44437 - 1010 774
440 .00621 - 14 .06205 - 138 .24818 - 552 43427 - 9 792
450 .00607 -1 06067 - 132 24266 - s27 A2462 ~ 924 810
460 .00594 - 13 .05935 - 126 .23739 - 505 41538 - B84 828
470 .00581 -1 05809 - 121 .23234 B - .40654 - 847 846
480 .00569 -1 .05688 - 116 22749 - aes .39807 - a3 864
490 .00557 -1 .05572 -1m ,22285 - s ,38994 - 7m0 882
500 .00546 -1 .05461 - 108 .21839 - 42 .38214 - 7% 900
510 .00535 - 10 .05353 - 103 .21411 - a2 ,37465 - 918
520 .00525 - 10 .05250 - 9 .20999 - 39 36744 - o 936
530 .00515 -9 .05151 - 9% .20603 -~ 381 36051 - 68 954
540 00506 -10 .05056 - 92 .20222 - 38 .35383 - w3 972
550 .00496 - 8 04964 - B .19854 ~ 355 .34740 - & 990
560 .00488 -9 04875 - B .19499 - 342 .34119 - s98 1008
570 00479 -8 04790 - ® .19157 ~ 330 .33521 - 518 1026
580 .00471 -8 04707 - .18827 - 19 .32943 - 55 1044
590 .00463 - 8 04628 - 18 18508 - 39 .32384 - 539 1062
600 .00455 -7 04550 - .18199 - 298 .31845 - 523 1080
610 .00448 -8 04476 -n .17901 - 31322 - 505 1098
620 .00440 -7 .04404 -7 .17612 - m .30817 - aw 1116
630 .00433 - 6 .04334 - o8 17333 - .30328 - 4 1134
640 .00427 -7 04266 - .17062 - 2283 .29854 ~ 459 1152
650 00420 -6 .04200 - 63 16799 - 254 29395 - &5 1170
660 00414 - 6 04137 - &2 16545 - a7 .2B950 - 432 1188
670 .D0408 - & 04075 - &0 .16298 - 240 .28518 - 40 1206
680 .00402 -6 .04015 ~ 58 16058 - .28098 - 47 1224
690 .00396 - 6 .03957 - 57 .15826 - 22 27691 - 395 1242

L5
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TABLE 4.- DENSITY p/po OF MOLECULAR NITROGEN - Continued

NACA TN 3271

% 0.01 atm 0.1 atm 0.4 atm 0.7 atm °r
700 .00390 -5 .03300 - 55 .15599 - 219 .27296 - 1 1260
710 .00385 - 6 .03845 - 53 .15380 - s 26911 - 374 1278
720 .00379 -5 .03792 - 52 15166 - 208 .26537 - 33 1296
730 .00374 -5 .03740 - 50 .14958 - 202 26174 - 3 1314
740 00369 -5 .03690 ~ 50 ,14756 - 197 .25820 - 34 1332
750 00364 - 5 03640 -~ 48 .14559 - 3 25476 - 335 1350
760 .00359 - 4 03592 - & .14368 - 187 .25141 -~ 327 1368
770 .00355 -5 .03546 - &% .14181 - 18 .24814 - 318 1386
780 .00350 - 4 .03500 - M .14000 - 178 .24496 - 316 1404
790 00346 - 5 .03456 - .13822 - 172 .24186 - 3 1422
800 .00341 -0 03413 ~ 201 .13650 - & .23884 - 1405 1440
850 .00321 - 18 .03212 - 178 .12B47 - 714 22479 - 1249 1530
900 .00303 - 16 .03034 - 180 .12133 - &8 .21230 - n1r 1620
950 .00287 - 14 .02874 - 144 11495 - 53 .20113 - 1005 1710
1000 .00273 -1 02730 - 130 .10920 - 520 .19108 - 910 1800
1050 00260 - 12 .02600 - 118 .10400 - 473 .18198 - 87 1890
1100 .00248 -1 .02482 ~ 108 .09927 - 51 .17371 - 755 1980
1150 00237 -9 02374 - 9 09496 - 39 16616 - 2 2070
1200 .00228 - 10 .02275 - 9 .09100 - 364 .15924 - &7 2160
1250 .00218 - 8 .02184 - B .08736 - 33 .15287 - 589 2250
1300 .00210 -8 .02100 - 7 .08400 - m .14699 - sa 2340
1350 .00202 -7 02022 - 17 .08089 - 223 .14155 - 506 2430
1400 .00195 -7 .01950 - &7 .07800 - %9 .13649 - 470 2520
1450 .00188 -6 .01883 - 8 07531 - 51 13179 - 440 2610
1500 .00182 - & .01820 - 59 .07280 - 25 .12739 - 411 2700
1550 00176 -5 01761 - 55 .07045 - 220 .12328 - 38 2790
1600 .00171 - 6 .01706 - 51 .06825 - 207 .11943 - %2 2880
1650 .00165 -3 .01655 - 5 .06618 - 194 ,11581 - 38 2970
1700 .00161 - 5 01606 - - 4 06424 - 184 .1124]1 - 2 3060
1750 00156 - 4 .01560 - B .06240 - 11 .10920 - 34 3150
1800 .00152 - 4 01517 - 4 06067 - 164 10616 - 286 3240
1850 .00148 - 3 01476 - 39 .05903 - 155 .10330 - 212 3330
1900 .00144 - 4 .01437 - W .05748 - 148 .10058 - 28 3420
1950 00140 -3 .01400 - 35 .05600 - 140 .09800 - 25 3510
2000 00137 -4 .01365 - 3 .05460 - 13 .09555 - 233 3600
2050 .00133 -3 .01332 - 2 .05327 - 127 .09322 - 222 3690
2100 .00130 -3 .01300 - 3% 05200 - 121 .09100 - 212 3780
2150 00127 -3 .01270 -9 05079 - w5 .08888 - 202 3870
2200 .00124 -3 .01241 - 2 04964 - 10 .08686 - 193 3960
2250 .00121 -2 01213 - 2 .04854 - 106 .08493 - 18 4050
2300 00119 -1 01187 - .04748 - 101 .08309 - 17 4140
2350 .00116 -2 .01162 - 04647 -~ w7 08132 -~ 1 4230
2400 .00114 -3 .011328 - 4 .04550 - B 07963 - 13 4320
2450 .00111 -2 01114 - 2 .D4457 - 8 .07800 - 15 4410
2500 .00109 -2 .01092 -2 .04368 - B 07644 - 10 4500
2550 .00107 -2 .01071 - 21 .04283 - - .07494 - w4 4590
2600 .00105 -2 01050 - 20 .04200 - M .07350 - 139 4680
2650 .00103 -2 .01030 - 19 .04121 - 76 07211 - 13 4770
2700 .00101 -2 .01011 - 18 04045 - 7 07078 - 129 4860
2750 .00099 -1 .00993 - 18 .03971 -7 06949 -~ 124 4950
2800 .00098 - 2 .00975 - 17 .0390C - & .06825 - 19 5040
2850 .00096 -2 .00958 - 17 .03832 - &6 06706 - 16 5130
2900 00094 -1 .00941 - 15 03766 - .06590 - m2 5220
2950 .00093 -2 .00926 - 16 03702 - & .06478 - w8 5310
3000 .00091 .00910 .03640 06370 5400




NACA TN 3271

TABLE 4,- DENSITY p/po OF MOLECULAR NITROGEN - Contlnued

% 1 atm L atm 7 atm 10 atm R
100 2,783 -266 12,010 —1440 24,40 -468 180
110 2,517 -2l 10.570 ~1030 19,72 -234 30.83 -4 198
120 2.301 -1 9.540 - &5 17.38 -168 26.06 -288 216
130 2.119 ~155 8.715 - 689 15,70 -133 23.18 -215 234
140 1.964 -13 8.026 - 576 14,37 -109 21.03 ~-170 252
150 1,8305 -1161 7.4501 — 4955 13,276 - 927 19,331 -1423 270
160 1.7144 -1022 6.9546 - @10 12,349 - 798 17,908 -1208 288
170 1.6122 - 906 6,5236 - 3793 11.551 - 9 16,700 -1038 306
180 1.5216 - 808 6.1443 - 363 10.855 - 612 15.662 - 912 324
190 1.4408 - 727 5.8080 - 3004 10,243 - 543 14,750 - 803 342
200 1.36809 - 6562 5.50755 - 27008 9.7004 - 4863 13.947 - T4 360
210 1.30247 - 5959 5.23747 - 24430 9.2141 - 4381 13,233 ~ 683 378
220 1.24288 - 5435 4.99317 - 204 B8.7760 - 970 12,590 - 579 396
230 1.18853 - 4976 4.77113 - 20283 8.3790 ~ 3616 12,011 - 526 414
240 1.13877 - #5786 4,56830 - 18604 8,0174 - 3308 11.485 - A% 432
250 1.09301 - 221 4,38226 - 121 7.6866 - 3039 11.005 - &0 450
260 1.05080 - 3906 4,21105 - 15822 7.3827 - 2803 10.565 — 405 468
270 1.01174 - 3625 4,05281 - 14658 7.1024 - 2593 10.160 - 375 486
280 .97549 - BN 3.90623 - 14 6,8431 - 2407 9,785 - 347 504
290 .94176 - 3147 3,76999 - 1269 6.6024 - 241 9.438 - 322 522
300 .91029 - 2944 3.64304 - 11841 6.3783 - 2090 9.1160 - 3009 540
310 .88085 - 2758 3,52443 - 1106 6.1693 - 1956 8.8151 - 2811 558
320 .B5327 - 2590 3.41337 - 10423 5.9737 - 1834 8.5340 - 2635 576
330 82737 - 2438 3.30914 - 997 5,7903 - 1724 8.2705 - 473 594
340 .80299 - 2298 3,21117 - 9m 5.6179 - 1622 8.0232 - 2328 612
350 .78001 - 2170 3.11886 - &snz 5.45572 - 15298 7.7904 - an 630
360 .75831 ~ 2052 3.03174 - w38 5.30274 - 14480 7.5711 - 2072 648
370 73779 - 1944 2.94936 - M9 5.15814 - e 7.3639 ~ 1960 666
380 .71835 - 1814 2.87140 -~ 1o 5.02134 - 129¢8 7.1679 - 1886 684
390 .69991 - 1751 2.79747 - 1018 4,89166 - 12310 6.9823 -~ 1762 702
400 68240 - 1666 2,72729 - o676 4,76856 - 11700 6.8061 - 1674 720
410 66574 - 1586 2,66053 - 355 4,65156 - 1134 6.6387 - 1592 738
420 .64988 - 1513 2,59698 - 055 4,54022 - 10607 6,4795 - 1517 756
430 .63475 - 1443 2.53642 - 5180 4,43415 - 10126 6,3278 - 1447 774
440 .62032 - 1B 2.47863 - s50 4,33289 - 9682 6.1831 - 1361 792
450 .60653 - 1320 2.42343 - s 4,23627 - 938 6,0450 - 1321 810
460 .59333 - 1263 2.37066 - 5054 4,14389 - 85 5.9129 - 1263 828
470 .58070 - 1209 2.32012 - 4842 4.05544 -~ @m 5.7866 - 1211 846
480 .56861 - 1161 2.27170 - 4641 3.97071 - s 5.6655 - 1160 864
490 .55700 ~ 1115 2.22529 - w57 3.88948 - T8 5.5495 - un 882
500 .54585 - 1070 2,18072 - s 3.81150 - 7488 5.4382 - 1070 900
510 .53515 - 1030 2.13790 - au 3,73662 - Ny 5.3312 - 1027 918
520 .52485 - 990 2.09676 -~ &0 3.66469 - 92 5.,2285 - 988 936
530 .51495 - 954 2,05716 - 3@z 3,59543 - o668 5.1297 - %2 954
540 .50541 - 919 2.01904 - un 3,52875 -~ & 5,0345 - 917 972
550 .49622 - 886 1.98231 - 3541 3,46452 - 8190 4,9428 E "} 990
560 .48736 - &5 1.94690 - 3a8 3.40262 - 9D 4.8545 - B 1008
570 .47881 - 86 1.91272 - 3298 3,34289 - 5767 4,7692 - & 1026
580 47055 - .8 1.87974 - 386 3,28522 - 5568 4.6870 - 7™ 1044
590 .46257 - m 1.84788 - 3080 3,22954 - @ 4,6075 - 768 1062
600 .45486 - 746 1.81708 - 2978 3,17571 - 5206 4,5307 - 74 1080
610 .44740 - 721 1.78730 - a8 3.12365 - soa 4,.4564 - m 1098
620 .44019 - 9 1.75847 - 2m1 3,07324 - 4878 4,3845 - &5 1116
630 .43320 - en 1.73056 - 2704 3.02446 - a3 4,3150 - &7 1134
640 42643 - &5 1.70352 - 261 2.97723 - &n 4,2476 - 54 1152
650 .41988 - &7 1.67731 - 2540 2.93146 - My 4,1822 - &3 1170
660 .41351 - 87 1.65191 - 265 2.88707 - o0 4,1189 - 614 1188
670 .40734 - 59 1.62726 -~ 292 2.84398 - am 4,0575 - 59 1206
680 .40135 - 581 1.60334 - 22 2.80218 - 4055 3.9979 - 51 1224
690 .39554 - 565 1.58011 - 2z 2.76163 - 398 3.9400 - 582 1242
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TABLE b,- DENSITY p/po OF MOLECULAR NTTROGEN - Continued

NACA TN 3271

%k atn atm 7 atm 10 atm °r
700 .38989 ~ 550 1.55755 - 292 2.72218 - s 3,8838 - 54 1260
710 .38439 - 53 1.53563 - a3 2.6838% - 3128 3.8292 - 532 1278
720 37906 - 519 1.51430 - zp 2,64664 - 3an 3,7760 - 516 1296
730 .37387 - 506 1.49357 - a7 2,61041 - 3525 3,7244 - 503 1314
740 .36881 -~ 81 1.47340 - 19 2,57516 - 38 31,6741 -~ am 1332
750 .36390 - a7 1.45375 - 19 2,54088 - ma1 3,6252 - 47 1350
760 .35911 —- 466 1.43464 - 18&2 2.50747 - 352 3.5776 ~ 4 1368
770 .35445 - 55 1.41602 - 1814 2.47495 - 3%8 3,5312 - 452 1386
780 .34990 ~ 48 1.39788 - 1ms 2.44327 - 309 3.4860 - 40 1404
790 34547 - a1 1.38020 - 1724 2.41237 - 3o 3.4420 - 430 1422
800 34116 - 2007 1.36296 - o1 2.38226 - 1w 3,3990 - 199% 1440
850 .32109 - 1783 1.28285 - nz2 2.24233 - 12441 3,1994 -1m 1530
900 .30326 - 159 1.21163 - en 2.11792 - mazs 3.0223 - 1588 1620
950 .28730 - 143 1,14792 - s74 2.00663 - 10018 2.8635 - 1429 1710
1000 27294 - 1300 1.09058 - 5188 1.90645 - 9oa 2,7206 - 1293 1800
1050 .25994 - 1181 1.03870 - 4ne 1.81582 - @240 2.5913 - 1176 1890
1100 .24813 - 1078 99152 - 4306 1.73342 - 2 2.4737 -~ 1073 1980
1150 .23735 - 99 .94846 - 3048 1.65818 - 6898 2.3664 - 9w 2070
1200 .22746 - 910 90898 - 33 1.58920 - 634 2.2681 - 906 2160
1250 .21836 89 87265 - mm 1.52574 - sgs59 2.1775 - @5 2250
1300 .20997 - 778 83912 - 3108 1.46715 - saz 2.0940 - T4 2340
1350 .20219 - 722 .80807 - B 1.41289 - 503 2.0166 - 718 2430
1400 .19497 - 612 77923 - am 1,36253 -~ 4692 1,9448 ] 2520
1450 .18825 - &7 75239 - s 1.31561 - w378 1.8779 - & 2610
1500 .18198 - 587 72733 - 2 1.27183 - a09 1.8155 - 585 2700
1550 .17611 - 550 .70389 - 2198 1.23087 - 3841 1.7570 - 548 2790
1600 17061 - 517 .68191 - 208 1,19246 - 3408 1.7022 - 514 2880
1650 .16544 ~ 487 66127 - 1903 1.15638 -~ 339 1.6508 E 1 2970
1700 .16057 - 458 64184 - 1833 1.12242 - 3w 1.6023 — 457 3060
1750 15599 - 434 .62351 - 1m0 1.09040 - 3024 1.5566 - 431 3150
1800 .15165 - a0 60621 - 1w 1.06016 - 283 1.5135 - a9 3240
1850 .14755 ~ 388 .58984 - 1551 1.03153 - 2708 1,4726 - 385 3330
19300 14367 - 368 .57433 - un 1.00443 - 73 1.4340 - 367 3420
1950 .13999 - 350 .55961 - 1398 97871 - s 1.3973 - 348 3510
2000 .13649 - 333 .54563 - 1330 .95428 - 22 1.3625 - 3 3600
2050 13316 - 317 53233 - e 93104 - 214 1.3292 - 315 3690
2100 .12999 - 302 51967 - 1207 .90890 -~ an 1.2977 - 302 3780
2150 12697 - 288 50760 - 1154 88779 - 2016 1.2675 - 287 3870
2200 .12409 - 76 49606 - 1m .B6763 - 1928 1.2388 -’ 3960
2250 .12133 - 28 .48505 - 1054 .B4838 -~ 1842 1.2113 - 28 4050
2300 .11869 - 252 .47451 - 1009 82996 - 1764 1.1850 - 1 4140
2350 11617 - 24 46442 - 947 .81232 - 1890 1.1599 - 242 4230
2400 .11375 - a3 .45475 - 9z 79542 - a2 1.1357 - 22 4320
2450 .11142 - 22 .44548 - g0 779200 - 155 1.1125 -2 4410
2500 .10920 - 214 43658 - e 6364 - 149 1.0904 - 214 4500
2550 .10706 - 206 .42802 - a2 .748B68 - w3 1.0690 - 205 4590
2600 .10500 - 198 .41980 -~ 2 .73430 - 1384 1.0485 - 197 4680
2650 .10302 - 191 .41188 - @2 72046 - p3; 1,0288 - 191 4770
2700 ,10111 - 184 40426 - 7 J70713 - 1284 1.0097 - 18 4860
2750 .09927 - m 39691 - 708 69429 - 2% .9914 - 1 4950
2800 .09750 - m .38983 - em .68190 - 195 .9737 - 170 5040
2850 .09579 - 165 .3829% - 0 .66995 - 1133 9567 - 185 5130
2900 .09414 - 180 .37639 637 .65842 - 1, .9402 - 159 5220
2950 ,09254 - 154 37002 - e17 64726 - 1078 .9243 - 154 5310
3000 03100 .36385 .63648 .9089 5400
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NACA TN 3271
TABLE L,- DENSITY p/po OF MOLECULAR NITROGEN - Continued

ok 10 atm atm 70 atm 100 atm OR
110 30.83 -477 198
120 26.06 -288 216
130 23.18 -215 234
140  21.03 -170 252
150 19,331 -1 98.9 -135 270
160 17.908 -1208 85.4 -2 288
170 16.700 -1038 76,2 - &7 306
180 15.662 - 912 69.5 - 56 134.9 -148 324
190 14,750 - 8;3 63.9 - a5 120,1 -103 342
200 13,947 - N4 59.45 - 378 109,77 - 80 161.7 -137 360
210 13.233 - 55.67 - 324 101.47 - & 148,0 -109 378
220 12.590 - 59 52.43 - | 94,635 ~ 519 137.1 - % 3196
230 12,011 - 52 49,61 - 250 88.856 - 8976 128,08 - 763 414
240  11.485 - 480 47,11 -z 83,880 - 52 120.45 - 61 432
250  11.005 - 24D 44,893 - 1998 79.528 - am9 113.84 - 576 450
260 10.565 - 405 42,895 - 1810 75.689 - 3435 108.08 - 513 468
270 10.160 - 75 41,085 - 1646 72.254 - 3082 102,95 - 457 486
280 9.785 - 347 39,439 - 1508 69,172 - 196 98.38 — 410 504
290 9.438 - 322 37.931 - 1388 66,376 - 2566 34,28 - 3% 522
300 9.1160 - 3009 36,543 - 1280 63,810 - 2335 90,523 - 3414 540
310 B.8151 - 2811 35,263 - ne7 61,475 - 2164 87.109 - 3137 558
320 8,5340 - 2635 34,076 - 1104 59,311 - 191 83.972 - 2888 576
330 8.2705 - 27 32,972 - 1030 57.320 -~ 1850 81,084 - 2677 594
340 8.0232 ~ 2328 31.942 - 964 55.470 -1 78.407 - 27 612
350 7.7904 - 219 30,978 - 903 53,747 - 1606 75.930 - 2310 630
360 7.5711 - 2072 30.075 - &0 52,141 - 1509 73.620 - 2& 648
370 7.3639 - 1960 29,225 - &0 50.632 - 1419 71.457 - 209 666
380 7.1679 ~ 1856 28.424 - 755 49,213 - 1332 69.428 - 1904 684
390 6.9823 - 1762 27.669 - N4 47.881 - 125 67.524 -1 702
400 6.8061 - W74 26,955 - 617 46,625 - 19 65,741 - 169 720
410 6.6387 - 1592 26,278 - 643 45,434 - 1125 64,045 - 1603 738
420 6.4795 - 1517 25,635 ~ &9 44,309 - 1064 62,442 - 1511 756
430 6,3278 - a7 25.026 - 581 43.245 - 1016 60,931 - 143 774
440 6.1831 - 1381 24,445 - 554 42,229 - %2 59.435 - 1367 792
450 6.0450 - 1321 23.891 - 528 41,267 - 921 58.128 - 129 810
460 5.9129 - 1263 23,363 - 504 40.346 - 813 56,832 - 123 828
470 5.7866 - 12n 22,859 - 483 39,473 - 842 55.596 - 1184 B46
480 5.6655 - 1160 22.376 E T 38,631 - ™ 54,412 - 131 864
490 5.5495 - 1113 21.915 —~ 483 37.832 - 767 53.281 - 1081 882
500 5.4382 - 1070 21,472 - 425 37.065 - T8 52,200 - 1038 300
510 5.3312 - 1027 21.047 - 407 36,327 - 702 51.162 - 93 918
520 5.2285 - 988 20,640 - 392 35,625 - & 50.169 - 952 936
530 5.1297 - 952 20,248 - 34,950 - 654 49,217 - 916 954
540 5.0345 - 917 19.871 - 38 34,296 - 827 48,301 - o 972
550 4,9428 - 8; 19,508 - 309 33,669 - & 47.419 - 847 990
560 4.8545 - 883 19.159 - 337 33,068 - 580 46,572 - 8 1008
570 4,7692 - 82 18,822 - 325 32.488 - 561 45,759 - 789 1026
580 4,6870 - 795 18.497 - 3 31.927 - 541 44,970 - T8 1044
590 4,6075 - 768 18.184 - 303 31.386 - 52 44,212 - 728 1062
600 4,5307 - 743 17.881 - 293 30,866 - 506 43.484 - 709 1080
610 4,4564 - N9 17.588 - 8 30.360 - ag7 42,775 - b8 1098
620 4,3845 - &5 17.305 - 24 29.873 - m 42,089 ~ 660 1116
630 4,3150 ~ 678 17.031 - b 29.402 - 457 41.429 ~ b0 1134
640 4,2476 ~ 654 16,765 - 7 28.945 - a2 40,789 - &2 1152
650 4,1822 - 633 16,508 - 9 28,503 - a9 40,169 - &4 1170
660 4.1189 - 614 16,259 - 2z 28.074 - a4 39,565 ~ 580 1188
670 4.0575 - 596 16,017 - 234 27.660 - 38,985 - 566 1206
680 3.9979 - 59 15,783 - 27 27.256 - 390 38,419 - 54 1224
690 3.9400 —- 562 15,556 - 222 26.866 - 3| 37.873 - 534 1242
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TABLE L.- DENSITY

o /po OF MOLECULAR NITROGEN - Concluded

NACA TN 3271

°k 10 atm atm 70 atm 100 atm °R
700 3,8838 - 546 15,334 - 214 26,485 - 38 37.339 - 518 1260
710 3,8292 - 532 15,120 - 22 26,117 - 360 36.821 - 501 1278
720 3,7760 - 516 14,911 - 204 25.757 ~ 348 36.320 - &9 1296
730 3.7244 - 503 14,707 - 197 25.409 - 341 35.829 - an 1314
740 3.6741 - 4 14,510 - 192 25.068 - 330 35,355 - 46l 1332
750 3,6252 - a7 14,318 - 18 24,738 - 320 34.894 - 453 1350
760 3,5776 - a4 14,131 - 1B 24,418 - 3 34,441 - 433 1368
770 3,5312 - &2 13.949 - 1B 24,105 - 304 34,007 - 427 1386
780 3.4860 - &40 13,771 -m 23,801 - A&7 33,580 - 2 1404
790 3.4420 - a3 13.598 - 169 23,504 - 292 33,159 - &5 1422
a00 3,3990 - 199 13,429 - 23,212 - 134 32,754 - 1883 1440
850 3.1994 -1m 12.646 - & 21.866 - 1193 30,871 - 1676 1530
900 3.0223 - 1588 11.949 - &3 20,673 - 1070 29,195 - 1502 1620
950 2.B635 - 149 11.326 - 561 19.603 - 972 27.693 - 1351 1710
1000 2.7206 - 1293 10.765 - 508 18.631 - B68 26.342 - 1223 1800
1050 2.5913 - 1176 10,257 - 41 17.763 - 7192 25,119 - 111 1890
1100 2.4737 - B 9,796 - a2 16.971 - 24,003 ~ 1020 1980
1150 2.3664 - 9% 9,374 - 38 16,246 - 667 22,983 - 934 2070
1200 2.26B1 - 906 8.987 - 35 15.579 - 13 22,049 - 861 2160
1250 2,1775 -~ &5 8,631 - 329 14.966 - 565 21.188 - ™ 2250
1300 2.0940 - 778 8,302 - 305 14.401 - 52 20,393 - 738 2340
1350 2,0166 - T8 7,997 - w 13,875 - 486 19.655 ~ 684 2430
1400 1.9448 - 9 7.714 ~ 264 13.389 - 454 18,971 - 638 2520
1450 1.8779 - 624 7.450 - 5 12.935 - 425 18.333 - 59 2610
1500 1.8155 - 586 7.205 ~- 30 12.510 ~ 398 17.734 - 561 2700
1550 1.7570 - 548 6.975 - 217 12,112 - 17.173 - 5% 2790
1600 1.7022 - 514 6,758 - 2 11.739 - 350 16,648 - 49 2880
1650 1.6508 - a8 6.555 - 191 11.389 - 329 16.155 - 45 2970
1700 1.6023 - 457 6.364 - 180 11.060 - m 15,690 - 438 3060
1750 1.5566 - 9 6.184 - 110 10.749 - 294 15,252 ~ 45 3150
1800 1.5135 - 49 6.014 - 162 10.455 - 280 14,837 - 39 3240
1850 1.4726 - 386 5,852 - 153 10.175 - 263 14,443 - m 3330
1900 1.4340 - 367 5.699 - 145 9.912 - =1 14.072 ~ 355 3420
1950 1.3973 - 348 5.554 - 18 9.661 - 28 13,717 - 33 3510
2000 1.3625 - 33 5.416 - 181 9.423 - 227 13.381 - 320 3600
2050 1.3292 - 315 5,285 - 124 9.196 - 2 13,061 - 306 3690
2100 1,2977 - 30 5.161 - 120 8,980 - 207 12,755 - 20 3780
2150 1.2675 - 287 5.041 - 14 8.773 - 197 12.465 - 2m 3870
2200 1.2388 - 4.927 - 108 8.576 - 188 12,186 - 26 3960
2250 1.2113 - 263 4,819 - 104 8.388 - 180 11.920 - 5 4050
2300 1,1850 - 251 4.715 - 10 8.208 - 13 11,665 ~ 24 4140
2350 1.1599 -~ 242 4,615 - % B.035 - 165 11.421 - 2 4230
2400 1.1357 - 2 4,519 - 91 7.870 - 15 11.187 - 25 4320
2450 1.1125 - 221 4,428 - 8B 7.711 - 152 10.962 - 215 4410
2500 1.0904 - 214 4,340 - B 7.559 - 147 10.747 - 208 4500
2550 1.0690 - 5 4,255 - B 7.412 - 14 10.539 - 1% 4590
2600 1.0485 - m 4,174 - T 7.271 - M 10,340 - 192 4680
2650 1.0288 B ) 4,096 - % 7.135 - 130 10.148 - 15 4770
2700 1.0097 - 18 4,020 - n 7.005 - 12 9.963 - 19 4860
2750 .9914 - 1m 3,948 - 6.879 - a2 9.784 -1 4950
2800 .9737 - 170 3.878 - 68 6,757 - 9.611 - 165 5040
2850 L9567 ~ 16 3,810 -~ & 6.640 - m 9.446 - 160 5130
2900 .9402 - 159 3,745 - 6,527 - e 9.286 - 15 5220
2950 L9243 - 154 3,681 - 8 6,417 - 107 9.130 - 150 5310
3000 .9089 3.620 6.310 8.980 5400




NACA TN 3271

TABLE 5.- SPECIFIC HEAT CP/R OF MOLECULAR NITROGEN

%k 0.01 atm 0.1 atm 0.4 atm 0.7 atm °r
100 3.,5012 -1 3.5086 -19 3,5353 -9 3.5687 -218 180
110 3.5011 -1 3.5067 -1 3,5262 - 57 3.5469 -107 198
120 3,5010 -1 3,5054 -9 3.5205 - 38 3.5362 - & 216
130 3.5009 3.5045 - 6 3,5167 - 28 3,5293 - 52 234
140 3,5009 3.5039 - 5 3,5139 -21 3,5241 -39 252
150 3.5009 3.5034 -3 3.5118 -1 3,5202 -8 270
160 3.5009 3.5031 - 4 3.5102 - 14 3,5174 - 24 288
170 3.5009 3.5027 - 2 3,5088 -1 3,5150 -19 306
180 3.5009 1 3.5025 - 2 3,5077 -7 3,5131 - 14 324
190 3.5010 3.5023 -1 3.5070 -7 3.5117 -1 342
200 3.5010 3.5022 -1 3.5063 -5 3.5104 - 10 360
210 3,5010 1 3,5021 3.5058 - 4 3.5094 -8 378
220 31,5011 3.5021 -1 3,5054 -5 3,5086 -7 396
230 3,5011 2 3.5020 1 3.5049 - 2 3,5079 -5 414
240 3.5013 1 3,5021 31.5047 - 2 3.5074 -5 432
250 3,5014 2 3.5021 1 3.5045 -1 3.5069 2 450
260 3.5016 2 3.5022 H 3.5044 3.5067 -3 468
270 3,5018 4 3.5024 3 3.5044 2 3.5064 486
280 3.5022 It 3.5027 4 3,5046 2 3,5064 1 504
290 3,5026 5 3.5031 4 3.5048 3 3,5065 2 522
300 3,5031 5 3,5035 [ 3.5051 5 3,5067 3 540
310 3.5036 8 3.5041 8 3.5056 & 3.5070 6 558
320 3,5044 10 3.5049 9 3.5062 9 3,5076 B 576
330 3.5054 1 3.5058 1 3.5071 10 3,.5084 9 594
340 3,5065 B 3.5069 n 3.5081 12 3.5093 1 612
350 3.5078 16 3.5082 15 3.5093 15 3,5104 14 630
360 3.5094 17 3,5097 b4 3,5108 16 3,5118 16 648
370 3.5111 20 3.5114 20 3.5124 19 3.5134 19 666
380 3.5131 2 3,5134 Fe] 3.5143 23 3,5153 21 684
390 3.5154 25 3.5157 25 3.,5166 24 3.5174 24 702
400 3.5179 kil 3.5182 27 3,5190 2 3.5198 2 720
410 3.5206 31 3.5209 30 3.5216 31 3.5224 30 738
420 3.5237 1 3,5239 33 3.5247 2 3,5254 32 756
430 3.5270 36 3,5272 36 3.5279 36 3,5286 36 774
440 3.5306 38 3.5308 38 3.5315 37 3.5322 37 792
450 3.5344 42 3,534¢6 42 3,5352 a2 3,5359 3] 810
460 3.5386 4 3.5388 44 3.5394 4 3.5400 ;] 828
470 3.5430 2% 3.5432 4 3.5438 45 3.5443 4 846
480 3,5476 50 3,5478 50 3.5483 50 3.5489 49 864
490 3.5526 52 3,5528 52 3,5533 52 3.5538 52 882
500 3,5578 54 3.5580 54 3.5585 53 3.5590 53 900
510 3,5632 56 3.5634 56 3.5638 56 3,5643 56 918
520 3.5688 59 3.5690 58 3.5694 59 3.5699 58 936
530 3.5747 61 3,5748 &1 3.5753 61 3.5757 I3 954
540 3,5808 &3 3.5809 63 3.5814 82 3.5818 62 972
550 3.5871 & 3,5872 [3 3.5876 &5 3,5880 &5 990
560 3.59836 67 3,5937 67 3,5941 &7 3.5945 &7 1008
570 3.6003 0 3.6004 69 3.6008 ] 3.6012 8 1026
580 3,6072 7 3,6073 7 3.6077 T 3,6080 70 1044
590 3.6142 72 3.6143 72 3.6147 7 3.6150 72 1062
600 3,6214 7 3.6215 n 3.6218 n 3.6222 72 1080
610 3.6287 75 3.6288 i 3,6291 k] 3.6294 I 1098
620 3.6362 75 3,6363 s 3,6366 75 3.6369 s 1116
630 3.6437 7 3.6438 ki 3,6441 b 3.6444 77 1134
640 3.6514 77 3.6515 77 3.6518 7 3.6521 7% 1152
650 3,6591 » 3,6592 ™ 3.6595 79 3.6597 ™ 1170
660 3.6670 n 3.6671 n 3.6674 L 3.6676 L] 1188
670 3,6749 80 3.6750 20 3.6753 79 3.6755 80 1206
680 3.6829 B0 3.6830 80 3.6832 80 3.6B35 80 1224
690 3.6909 i} 3.6910 81 3.6912 81 3.6915 B0 1242
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NACA TN 3271

TABLE 5.- SPECIFIC HEAT C p/,-’R OF MOLECULAR NITROGEN - Continued
%k 0.01 atm 0.1 atm 0.4 atm 0.7 atm °r
700 3.6990 Bl 3.6991 81 3.6993 B 3.6995 81 1260
710 3,7071 81 3.7072 8l 3,7074 8 3.7076 81 1278
720 3.7152 82 3,7153 82 3.7155 82 3,7157 ] 1296
730 3.7234 -3 3.7235 &2 3.7237 -+ 3,7239 -4 1214
740 3.7316 2 3.7317 2 3,7319 [:+] 3,7321 & 1332
750 3.7398 -3 3.7399% ® 3.7401 ® 3,7403 4 1350
760 3,7480 8 3,7481 82 3.7483 8 3,7485 8 1368
770 3,7562 81 3.7563 8 3.7565 8 3.7566 81 1386
780 3,7643 ® 3.7644 B 3.7645 a2 3.7647 & 1404
790 3.7725 o 3,7726 a1 3.7727 8l 3.7729 81 1422
8OO 3.7806 790 3.7807 789 3.7808 750 3,7810 789 1440
900 3.85%6 70 3.8596 70 3.8598 729 3.8599 729 1620
1000 3.9326 656 3.9326 56 3.9327 56 3.9328 56 1800
1100 3,9982 580 3.9982 580 3.9983 580 3.9984 580 1980
1200 4,0562 510 4,0562 510 4,0563 510 4,0564 509 2160
1300 4,1072 445 4.1072 a6 4,1073 [ 4,1073 e 2340
1400 4,1518 391 4,1518 391 4,1519 W 4,1519 391 2520
1500 4,1909 343 4,1909 343 4,1910 342 4,1910 s 2700
ieoo 4,2252 302 4.2252 302 4,2252 302 4,2253 302 2880
700 4,2554 267 4,2554 267 4,2554 267 4,2555 267 3060
1800 4,2821 23 4,2821 2% 4,2821 2% 4,2822 25 3240
1900 4,3057 3V 4,3057 am 4,3057 211 4,3057 aMm 3420
2000 4,3268 189 4,3268 159 4,3268 189 4,3268 189 3600
2100 4,3457 170 4,3457 170 4,3457 170 4,3457 170 3780
2200 4.3627 153 4,3627 153 4,3627 153 4.3627 153 3960
2300 4.3780 140 4,3780 140 4,3780 140 4,3780 140 4140
2400 4,3920 127 4,3920 127 4,3920 127 4,3920 127 4320
2500 4,4047 16 4,4047 116 4.4047 1% 4,4047 16 4500
2600 4.4163 107 4.4163 107 4.4163 107 4,4163 107 4680
2700 4.4270 % 4.4270 % 4,4270 ] 4.4270 » 4860
2800 4,4369 91 4.4369 9 4.4369 91 4,4369 )] 5040
2900 4,4460 8s 4,44560 s 4.4460 [ 4,4460 - 3 5220
3000 4,4545 4,4545 4.4545 4,4545 5400




NACA TN 3271

TABLE 5.- SPECIFIC HEAT C-p/ R OF MOLECULAR NTTROGEN - Continued

%k 1 atm 4 atm T atm 10 atm °r
100 3.613 -43 180
110 3,5697 -172 198
120 3.5525 ~104 3.775 -80 216
130 3.5421 -7 3.695 -47 3.917 -131 234
140 3,5344 - 56 3.6477 -274 3,786 - R 3.958 114 252
150 3,5288 -5 3,6203 -195 3.7245 - 402 3,844 - 8 270
160 3,5245 -3 3,6008 -150 3.6843 -3 3.7764 - &9 288
170 3,5212 -7 3.5858 -118 3.6550 - 3.7295 - 32 306
180 3,5185 -2 3,5740 - 9 3.6327 - 175 3,6953 - 324
190 3.5164 -18 3.5646 -7 3.6152 - 143 3.6680 - 214 342
200 3.5146 -1 3,.5569 -8 3.6009 - 16 3.6466 -1 360
210 3,5132 - 12 3.5506 - 53 3.5893 - 9% 3.6293 - 143 378
220 3.5120 -12 3,5453 ~ 45 3.5797 - 3.6150 - 122 396
230 3,5108 -7 3.5408 - 3 3.5714 - 3.6028 - 101 414
240 3,5101 -7 3.5372 -3 3.5647 - 59 3.5927 - 8% 432
250 3,5094 -5 3.5340 - 3.5588 - 3,5841 - 74 450
260 3,5089 -5 3.5313 -4 3,5539 - & 3.5767 - & 468
270 3.5084 -1 3.5289 -18 3.5496 - % 3.5704 - 5 486
280 3,5083 -1 3.5271 -1 3.5460 - 30 3.5651 - 4% 504
290 3.5082 1 3.5255 - 12 3.5430 - 2 3.5605 - & 522
300 3.5083 2 3.5243 -9 3.5404 - 22 3,5565 - 34 540
310 3,5085 5 3,5234 -1 3,5382 -1 3.5531 -2 558
320 3.5090 7 3.5227 -3 3.5365 -1 3.5504 -2 576
330 3.5097 8 3,5224 3.5353 - 8 3.5482 - 18 594
340 3.5105 10 3.5224 3 3.5345 - 6 3.5464 - 12 612
350 3.5115 14 3.5227 7 3.5339 3.5452 - 8 630
360 3.5129 15 3,5234 9 3.5339 2 3.5444 - 4 648
370 3.5144 18 3.5243 12 3.5341 7 3.5440 666
380 3.5162 21 3.5255 16 3.5348 10 3.5440 5 684
390 3,5183 24 3.5271 18 3,5358 14 3.5445 9 702
400 3.5207 23 3.5289 2 3.5372 16 3.5454 12 720
410 3,5232 30 3.5310 2 3.5388 2 3.5466 17 738
420 3.5262 31 3.53%6 28 3.5409 24 3.5483 21 756
430 3,5293 5 3.5364 3 3,5433 28 3,5504 24 774
440 3.5328 37 3.5395 3 3.5461 20 3.5528 27 792
450 3.5365 a1 3.5429 18 3.5491 15 3,5555 32 810
460 3.5406 3 3.5467 40 3,5526 37 3.5587 34 828
470 3.5449 45 3.5507 a2 3,5563 40 3,5621 37 846
480 3,5494 49 3.5549 Iy 3.5603 L7} 3,5658 2 B64
490 3,5543 52 3.55%96 L] 3.5647 7 3,5700 “ 882
500 3,5595 53 3,5645 51 3.5694 %9 3,5744 47 900
510 3.5648 55 3,5696 53 3,5743 51 3,5791 9 918
520 3,5703 59 3.5749 57 3.5794 55 3.5840 53 936
530 3.5762 60 3,5806 58 3,5849 56 3,5893 55 954
540 3.5822 ] 3.5864 61 3.5905 59 3,5948 57 972
550 3.5884 & 3,5925 & 3.5964 82 3,6005 60 990
560 3,5949 66 3,5988 %] 3.6026 [4] 3.6065 82 1008
570 3.6015 @ 3.6053 [34 3,6089 13 3,6127 % 1026
580 3.6084 70 3.6120 8 3.6155 8 3,6191 65 1044
590 3.6154 n 3,6188 ™ 3.6223 69 3,6256 &8 1062
600 3.6225 n 3.6258 72 3,6292 70 3.6324 3] 1080
610 3.6298 74 3.6330 B 3.6362 72 3.6393 n 1098
620 3.6372 b 3.6403 i 3.6434 7 3.6464 72 1116
630 3.6447 77 3.6477 75 3.6507 74 3.6536 3 1134
640 3.6524 76 3.6552 76 3.6581 ™ 3.6609 T4 1152
650 3,6600 bl 3.6628 78 3.6656 ks 3,6683 76 1170
660 3,6679 b, 3.6706 7 3.6733 ki 3.6759 76 1188
670 3.6758 il 3.6784 78 3.6810 78 3.6835 b 1206
680 3.6B37 a0 3,6862 ™ 13,6888 78 3,6912 kel 1224
690 3.6917 81 3.6%41 80 3.6966 by ] 3.6989 . 1242
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NACA TN %271
TABLE 5.- SPECIFIC EEAT C, /'R OF MOLECULAR NITROGEN - Continued
% 1 atm 4 atm 7 atm 10 atm °Rr
700 3.6998 81 3,7021 80 3.7045 Il 3.7067 ™ 1260
710 3.7079 80 3,7101 24} 3,7124 ] 3.7146 9 1278
720 3.7159 [:¥ 3,7181 81 3.7203 8 3.7225 be] 1296
730 3.7241 :¥] 3.7262 73 3.7284 a0 3.7304 80 1314
740 3.7323 -3 3.7344 at 3,7364 81 3,7384 80 1332
750 3.7405 B 3,7425 a1 3,.7445 81 3,7464 80 1350
760 3.7487 a1 3.7506 81 3.7526 0 3.7544 80 1368
770 3.7568 81 3,7587 81 3.7606 a0 3.7624 Nl 1386
780 3.7649 [ 3.7668 81 3.7686 81 3.7703 81 1404
790 3.7731 a 3.7749 80 3,7767 b 3.7784 79 1422
800 3,7812 768 3,7829 85 3,7846 781 3,7863 m 1440
300 3.8600 729 3.8614 726 3,8627 kzsd 3.8640 721 1620
1000 3.9329 656 3.9340 653 3.9350 651 3.9361 649 1800
1100 3.9985 519 3.9993 578 4,0001 577 4.0010 574 1980
1200 4,0564 510 4.0571 508 4,0578 507 4,0584 507 2160
1300 4,1074 243 4,1079 445 4,1085 444 4,1091 252 2340
1400 4,1520 390 4.1524 390 4.1529 3 4,1533 189 2520
1500 4,1910 143 4.1914 342 4.1918 342 4,1922 341 2700
1600 4,2253 802 4,2256 102 4.2260 301 4,2263 300 2880
1700 4,2555 267 4,2558 266 4.2561 266 4,2563 266 3060
1800 4,2822 23 4,2824 2% 4,2827 235 4,2829 5 3240
1900 4,3058 M 4,3060 210 4.3062 210 4,3064 210 3420
2000 4,3269 15 4,3270 189 4,3272 189 4.3274 188 3600
2100 4,3458 169 4,3459 170 43461 169 4,3462 170 3780
2200 4,3627 153 4,3629 153 4,3630 153 4.3632 152 3960
2300 4,3780 140 4,3782 139 4,3783 139 4.3784 140 4140
2400 4,3920 127 4.3921 127 4,3922 127 4.3924 126 4320
2500 4.4047 116 4,4048 116 4.4049 116 4.4050 116 4500
2600 4,4163 107 4.4164 107 4,4165 107 4,4166 106 4680
2700 4,4270 » 4.4271 99 4,4272 98 4.,4272 99 4860
2800 4.4369 91 4.4370 91 4,4370 91 4,4371 91 5040
2900 4.4460 [ -4.4461 : 4,4461 3 4.4462 -3 5220
3000 4.4545 4,4546 4,4546 4.4547 5400
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NACA TN 3271

TABLE 5.- SPECIFIC HEAT CP/R OF MOLECULAR NITROGER - Contimued

K 10 atm 40 atm 70 atm 100 atm °r
140 3.958 -114 252
150 3,844 - 68 270
160 3.7764 - & 288
170 3.7295 - 32 306
180 3,6953 - 27 4,522 -198 324
190 3.6680 - 214 4,3244 ~1379 5.219 -359 342
200 3.6466 -1 4,1865 -l021 4,860 ~243 5.64 - a5 360
210 3.6293 - 143 4,0844 - 786 4,617 -175 5.19 - 30 378
220 3.6150 - 122 4.0058 - 827 4.442 -132 4.89 - 22 396
230 3.6028 - 101 3,9431 - 505 4,310 -103 4.67 - 16 414
240 3.5927 - 8 3.8926 - 47 4,207 -8 4.51 -1 432
250 3.5841 - 4 3.8505 ~ 350 4,124 - 6 4,38 - 10 450
260 3.5767 - 6 3.8155 - 29 4,056 - 5% 4,28 - 8 468
270 3,5704 - 53 3.7856 ~ 253 4,000 - a7 4,20 -7 486
280 3.5651 - % 3,7603 -9 3,953 -4 4.128 - 58 504
290 3.5605 - 3.7384 - 189 3.913 - 35 4,070 - ® 522
300 3.5565 - 3,7195 -1 3,878 - 30 4,021 - & 540
310 3.5531 - 27 3,7031 - 142 3,848 -2 3.979 ~ 3% 558
320 3,5504 - 22 3.6889 ~ 125 3.822 - 3,943 - %2 576
330 3.5482 - 18 3.6764 - 108 3,799 - 20 3.911 - 28 594
340 3.5464 -1 3.6656 ~ 95 3.779 -1 3.883 - 25 612
350 3.5452 - 8 3.6561 - a 3,7619 - 153 3.858 - a 630
360 3,5444 ~ 4 3.6480 - 70 3.7466 - 135 3,837 - 20 648
370 3.5440 3.6410 - 59 3,7331 - 116 3.817 - 16 666
380 3.5440 5 3,6351 - 50 3,7215 - 102 3.801 - 684
390 3,5445 9 3.6301 - a 3,7113 - % 3.786 -1 702
400 3.5454 12 3,6260 -3 3.7023 -7 3.773 - 12 720
410 3,5466 17 3.6227 - 24 3.6948 ~ 66 3.761 - 10 738
420 3,5483 21 3.6203 -1 3.6882 - 53 3,7511 - &8 756
430 3.5504 24 3.6184 -1 3,6829 - 5 3,.7423 - 774
440 3,5528 z7 3.6173 - 5 3.6784 - 38 3,7349 - % 792
450 3,5555 2 3.6168 3.6746 - 2 3,7284 - 53 810
460 3,5587 34 3.6168 7 3.6720 -2 3,7231 - &5 828
470 3.5621 37 3.6175 10 3.6698 -1 3,7186 - 3 846
480 3.5658 %2 3,.6185 20 3.6685 - 6 3.7150 - 5 864
490 3.5700 a 3.6205 20 3.6679 1 3,7125 - 2a 882
500 3.5744 47 3.6225 % 3,6680 5 3,7104 12 900
510 3,5791 29 3.6250 2] 3.6685 10 3.7091 - b 918
520 3.5840 53 3.6279 34 3.6695 17 3.7085 1 936
530 3.5893 55 3,6313 38 3.6712 21 3.7086 6 954
540 3.5948 57 3.6351 a2 3.6733 26 3.7092 n 972
550 3,6005 & 3.6393 a3 3,6759 29 3,7103 17 990
560 3.6065 6 3.6436 . 3.6788 1 3.7120 20 1008
570 3.6127 o 3.6484 50 3.6823 36 3.7140 25 1026
580 3.6191 & 3.6534 53 3.6859 a 3,7165 30 1044
590 3,6256 8 3.6587 55 3.6900 “ 3.7195 34 1062
600 3.6324 6 3,6642 58 3,6944 a5 3,7229 35 1080
610 3.6393 T 3.6700 59 3.6989 51 3.7264 a 1098
620 3.6464 r” 3.6759 82 3.7040 50 3,7305 a 1116
630 3.6536 2] 3.6821 & 3.7090 55 3,7346 4% 1134
640 3.6609 7 3.6884 o4 3,7145 55 3,7392 47 1152
650 3.6683 % 3.6948 67 3,7200 59 3,7439 50 1170
660 3,6759 7% 3,7015 8 3.7259 80 3,7489 53 1188
670 3.6835 7 3.7083 89 3.7319 61 3,7542 55 1206
680 3.6912 ” 3.7152 0 3.7380 61 3.7597 54 1224
690 3.6989 k] 3.7221 72 3.7441 5 3.7651 58 1242
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TABLE 5.- SPECIFIC HEAT Cp/R OF MOLECULAR NITROGEN - Concluded

NACA TN 3271

’ %k L 10 atm

700
710
720
730
740

750
760
770
780
790

800
900
1000
1100
1200

1300
1400
1500
1600
1700

1800
1900
2000
2100
2200

2300
2400
2500
2600
2700

2800
2900
3000

3,7067
3,7146
3.7225
3,7304
3.7384

3,7464
3.7544
3,7624
3.7703
3.7784

3.7863
3.8640
3,9361
4,0010
4,0584

4,1091
4,1533
4,1922
4,2263
4,2563

4.2829
4.3064
4,3274
4.3462
4,3632

4.3784
4.3924
4,4050
4,4166
4,4272

4,4371
4.4462
4.4547

AREBE BB2II

4O atm 70 atm 100 atm °r
3,7293 7 3,7506 & 3.7709 59 1260
3.7364 7 3.7571 & 3.7768 58 1278
3.7435 7 3.7636 67 3.7826 82 1296
3,7509 ) 3,7703 @ 3.7888 [5} 1314
3.7582 7% 3.7772 8 3.7951 63 1332
3,7656 k] 3,7840 & 3.8014 64 1350
3.7731 74 3.7909 70 3,8078 [ 1368
3,7805 74 3.7979 & 3.8143 o4 1386
3.7879 76 3.8048 7 3.8207 3 1404
3,7955 74 3,8119 &9 3.8273 &5 1422
3.8029 737 3,8188 700 3.8338 866 1440
3.8766 94 3,8888 668 3.9004 643 1620
3,9460 629 3,9556 610 3.9647 592 1800
4.0089 560 4.0166 546 4.0239 533 1980
4.0649 495 4,0712 285 4,0772 s 2160
4.1144 434 4.1197 424 4,1247 416 2340
4,1578 382 4,1621 374 54,1663 368 2520
4,1960 135 4,1995 31 4,2031 325 2700
4,2295 296 4,2326 292 4.235%6 288 2880 .
4,2591 261 4.2618 257 4,.2644 52 3060
4,2852 232 4,2875 228 4,2896 226 3240
4.3084 208 4,3103 206 4,3122 03 3420
4,3292 186 4,3309 18 4,3325 1’2 3600
4.3478 167 4,3492 166 4,3507 164 3780
4.3645 151 4,3658 149 14,3671 147 3960
4.3796 B8 4,3807 137 4.3818 135 4140
4,3934 125 4,3944 124 4,3953 123 4320
4.4059 115 4,4068 114 4.4076 m 4500
4.4174 106 4.4182 105 4,4189 104 4680
4,42B0 57 4,4287 9 4.4293 9% 4860
4,4377 90 4.4384 8% 4,4389 89 5040
4.4467 84 4,4473 ;<] 4,4478 83 5220
4,4551 4,4556 4,4561 5400
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NACA TN 3271
TABLE 6.- ENTHALPY (E - EO°>/RT0 OF MCLECULAR NITROGEN
K 0.01 atm 0.1 atm 0.4 atm 0.7 atm OR
100 1.2777 1281 1.2761 1283 1.2706 1292 1.2650 1300 180
110 1.4058 1283 1.4044 1284 1.3998 1290 1.3950 1297 198
120 1,5341 1261 1.5328 1283 1.5288 1288 1.5247 1292 216
130 1.6622 1282 1.6611 1283 1.6576 1267 1.6539 1292 234
140 1.7904 1281 1.7894 1283 1.7863 1265 1.7831 1289 252
150 1.9185 1282 1.9177 1263 1.9148 1286 1.9120 1289 270
160 2.0467 1281 2.0460 1281 2.0434 1284 2.0409 1286 288
170 2.1748 1282 2.1741 1283 2,1718 1285 2.1695 1287 306
180 2.3030 1281 2.3024 1282 2.3003 1283 2.2982 1285 324
190 2.4311 1282 2.4306 1282 2.4286 1285 2.4267 1286 342
200 2.5593 1282 2,5588 1283 2,5571 1283 2.5553 1285 360
210 2.6875 1281 2.6871 1281 2.6854 1283 2,6838 1284 378
220 2.8156 1288 2.8152 1282 2.8137 1288 2.8122 1285 396
230 2.9439 1282 2.9434 1283 2,9421 1283 2.9407 28 414
240 3,0721 1281 3,0717 1281 3.0704 1282 3.0691 1283 432
250 3.2002 1282 3,1998 1282 3.1986 1283 3,1974 1284 450
260 3.3284 1282 3,3280 1283 3,3269 1283 3.3258 1284 468
270 3,4566 1282 3.4563 1282 3.4552 1283 3.4542 1284 4B6
280 3,5848 1282 3,5845 1282 3.5835 1283 3.5826 1283 504
290 3.7130 1282 3.7127 1282 3.7118 1280 3.7109 1284 522
300 3,8412 1283 3.8409 pEL..] 3,8401 1284 3.8393 1284 540
310 3,9695 1283 3.9692 1204 3.9685 1263 3.9677 1284 558
320 4,0978 1283 4.0976 120 4.0968 1284 4.0961 1284 576
330 4,2261 1283 4,2259 128 4,2252 1284 4,2245 1285 594
340 4,3544 1284 4,3542 1284 4,3536 1284 4,3530 1285 612
350 4,4828 1285 4,482¢6 1285 4.4820 1286 4,4815 1285 630
360 4,6113 1285 4.6111 1285 4.6106 1285 4.6100 1286 648
370 4,7398 1285 4,7396 1285 4.7391 1286 4,7386 1286 666
380 4,8683 1287 4.8681 1288 4.8677 1287 4,8672 1288 6B4
390 4,9970 1207 4.9969 1287 4.9964 1288 4,9960 1288 702
400 5.1257 1289 5.1256 1260 5.1252 1289 5.1248 1289 720
410 5.2546 1269 5.2545 1289 5.2541 1289 5.2537 1290 738
420 5.3835 1291 5.3834 1291 5.3830 1292 5.3827 1292 756
430 5.5126 1291 5.5125 1291 5.5122 1291 5.5119 1291 774
440 5.6417 1294 5.6416 1294 5.6413 1294 5.6410 1299 792
450 5.7711 1294 5.7710 1294 5,7707 1295 5.7705 1294 810
460 5.9005 129 5.9004 1296 5.9002 1296 5.8999 1297 828
470 6.0301 1298 6,0300 1298 6.0298 1298 6,0296 1298 846
480 6.1599 1300 6.1598 1300 6.1596 1301 6.1594 1301 864
490 6.2899 1301 6.2898 1301 6,2897 1301 6.2895 1301 882
500 6.4200 1304 6.4199 1304 6.4198 1304 6.4196 1305 900
510 6.5504 1305 6.5503 1306 6,5502 1305 6,5501 1305 918
520 6.6809 1308 6,6809 1308 6.6807 1308 6,6806 1308 936
530 6.8117 1310 6,8117 1310 6.8115 1011 6,8114 1311 954
540 6,9427 1312 6.9427 1312 6.3426 B2 6,425 1312 972
550 7.0739 1314 7.0739 1314 7.0738 1B 7.0737 1314 990
560 7.2053 1317 7.2053 1317 7.2052 317 7.2051 1318 1008
570 7.3370 1319 7.3370 1319 7.3369 1319 7.3369 1319 1026
580 7.4689 1322 7.4689 1322 7.4688 1323 7.4688 1322 1044
530 7.6011 1324 7.6011 1324 7.6011 1324 7.6010 1325 1062
600 7.7335 1327 7.7335 1327 7.7335 1327 7.7335 327 1080
610 7.8662 1330 7.8662 1330 7.8662 1330 7.8662 1330 1098
620 7.9992 1333 7.9992 1333 7.9992 1333 7.9992 1333 1116
630 8.1325 1335 8,1325 1335 8,1325 1335 8,1325 1336 1134
640 8.2660 1338 B.2660 1338 8.2660 1339 8.2661 1338 1152
650 8.3998 1341 B.3998 1341 8.2999 1341 8.2999 1341 1170
660 8.5339 1344 8.5339 1334 8,5340 1344 B.5340 344 1188
670 8.6683 1347 8.6683 1347 8.6684 1347 8.6684 1348 1206
680 8.8030 1349 8.8030 1349 8.8031 1349 8,8032 1349 1224
690 8.9379 135 B.9379 1353 8,9380 1353 8.9381 1353 1242
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TABLE 6.- ENTHALPY (H - B°) /RTO OF MOLECULAR NITROGEN - Continued

NACA TN 3271

% 0.01 atm 0.1 atm 0.4 atm 0.7 atm °r
700 9.0732 1356 9.0732 1356 9.0733 1356 9.0734 1356 1260
710 9,2088 1358 9.2088 1358 9,2089 1358 9.2090 1358 1278
720 9.3436 1362 9.3446 B2 9.3447 1362 9.3448 1363 1296
730 9.4808 1364 9.4808 DeA 9.,4809 1365 9.4811 164 1314
740 9.6172 1368 9.6172 1368 9.6174 1368 9.6175 1368 1332
750 9.7540 1370 9.7540 1370 9,7542 1370 9.7543 1370 1350
760 9.8910 1374 9.8910 1374 9.8912 1374 9.8913 1374 1368
770 10,0284 1376 10,0284 1376 10,0286 1376 10,0287 137% 1386
780 10,1660 1380 10.1660 1380 10,1662 1380 10,1663 1381 1404
790  10.3040 it 10.3040 1383 10,3042 heT::] 10,3044 1383 1422
800 10,4423 13986 10.4423 13986 10.4425 13987 10.4427 13987 1440
900 11,8409 14265 11.8409 14265 11,8412 14265 11.8414 14266 1620

1000 13,2674 14519 13.2674 14519 13,2677 14520 13.2680 14520 1800
1100 14,7193 1478 14,7193 14746 14,7197 14746 14,7200 14746 1980
1200 16,1939 14944 16,1339 14944 16,1943 14945 16.1946 14945 2160
1300 17.6883 B119 17.6883 15119 17,6888 15119 17.6891 15119 2340
1400 19,2002 15273 19.2002 15273 19,2007 15273 19,2010 15274 2520
1500  20.7275 15407 20.7275 15407 20,7280 15407 20,7284 15407 2700
1600 22,2682 15524 22,2682 15524 22.2687 15524 22.2691 15524 2880
1700 23,8206 15628 23,8206 15628 23.8211 15628 23,8215 15629 3060
1800 25,3834 15720 25.3834 15720 25,3839 15721 25,3844 15720 3240
1900 26,9554 15802 26,9554 15802 26,9560 15802 26.9564 15802 3420
2000  28.5356 15876 28,5356 15876 28,5362 15876 2B.5366 15876 3600
2100 30,1232 15940 30,1232 15940 30,1238 15940 30.1242 15940 3780
2200 31,7172 16000 31,7172 16000 31,7178 16000 31.7182 16000 3960
2300 33,3172 16053 33,3172 16053 33,3178 16053 33.3182 16053 4140
2400 34,9225 16102 34,9225 16102 34,9231 16102 34,9235 16102 4320
2500 36,5327 16146 36,5327 16146 36.5333 16146 36,5337 16147 4500
2600 38,1473 16188 38.1473 16188 3B.1479 16188 38,1484 16188 4680
2700 39.7661 16225 39,7661 16225 39,7667 16225 39.7672 16225 4860
2800 41,3886 16259 41,3886 16259 41,3892 16259 41,3897 16259 5040
2900 43,0145 16292 43,0145 16292 43,0151 16292 43,0156 16292 5220
3000 44,6437 44,6437 44,6443 44,6448 5400



NACA TN 3271
TABLE 6.- ENTHALPY (H - EO") /RTo OF MOLECULAR NITROGEN - Continued

K 1 atm 4 atm 7 atm 10 atm °r

100 1.2589 1313 180
110 1.3902 1303 1.3343 1422 198
120 1.5205 1298 1.4765 1363 216
130 1.6503 1296 1.6128 1343 1.5721 1405 234
140 1.7799 1292 1.7471 1330 1.7126 1372 1.6761 1426 252
150 1.9091 1292 1.8801 1322 1.8498 1358 1.8187 1394 270
160 2,0383 1289 2,0123 1314 1.9856 1342 1.9581 1372 288
170 2.1672 1289 2.1437 131 2,1198 1334 2,0953 1360 306
180 2.2961 1287 2,2748 1306 2.2532 1326 2.2313 1347 324
130 2.4248 1287 2.4054 1304 2.3858 1321 2.3660 1339 342
200 2,5535 1267 2.5358 1301 2.5179 1317 2.4999 1332 360
210 2,6822 12685 2.6659 1298 2.6496 111 2.6331 1325 378
220 2.8107 1286 2.7957 1298 2.7807 1310 2,7656 1321 396
230 2.9393 1286 2.9255 1296 2.9117 1306 2.8977 B1? 414
240 3,0679 1284 3.0551 1293 3.0423 hili;] 3.0294 BB 432
250 3.1963 1284 3.1844 1294 3.1726 1302 3,1607 1311 450
260 3.3247 1285 3,3138 1292 3,3028 1300 3,2918 130 468
270 3.4532 1284 3.4430 1292 3.4328 1300 3,4227 1306 486
280 3.5816 1285 3.5722 1290 3,5628 1297 3,5533 1304 504
290 3,7101 1284 3.7012 1290 3.6925 1296 3.6837 1303 522
300 3,8385 1284 3.8302 1291 3,8221 1296 3,8140 1302 540
310 3.9669 1285 3,9593 1290 3,9517 1295 3.9442 1300 558
320 4.0954 1285 4,0883 1289 4.0812 1295 4.0742 1299 576
330 4,2239 1284 4,2172 1289 4,2107 1293 4,2041 1298 594
340 4,3523 1286 4,3461 1290 4,3400 1294 4,3339 1298 612
350 4,4809 1286 4,4751 1290 4,4694 1294 4.4637 1298 630
360 4.6095 1286 4,6041 1290 4,5988 1294 4,59135 1298 648
370 4,7381 1286 4.7331 1290 4,7282 1293 4,7233 1297 666
380 4,8667 1289 4,8621 1291 4,8575 1295 4.8530 1298 684
390 4,3956 1288 4,9912 1291 4,9870 1294 4,9828 1297 702
400 5.1244 1290 5.1203 1293 5.1164 1296 5,1125 1299 720
410 5.2534 1290 5.2496 1293 5.2460 1296 5.2424 1298 738
420 5.3824 1291 5.3789 1295 5.3756 1297 5.3722 1300 756
430 5.5115 1292 5.5084 1294 5.5053 1297 5,5022 1299 774
440 5.6407 1295 5.6378 12%7 5.6350 1299 5,6321 1302 792
450 5.7702 1295 5.7675 1297 5.7649 1299 5.7623 1302 810
460 5.8997 1296 5.8972 1299 5.8948 1301 5.8925 1303 828
470 6.0293 1299 6.0271 1301 6.0249 1303 6.0228 1305 846
480 6.1592 1301 6.1572 1302 6,1552 1305 6.1533 1306 864
490 6.2893 1301 6,2874 1304 6,2857 1305 6,2839 1308 882
500 6,4194 1305 6.4178 1306 6.4162 1308 6.4147 1310 900
510 6.5499 1306 6.5484 1308 6.5470 30 6.5457 1310 918
520 6.6805 1308 6.6792 1310 6.6779 112 6.6767 1314 936
530 6.8113 1311 6,8102 1312 6.8091 1314 6.8081 1314 954
540 6.9424 1312 6.9414 1314 6.9405 1316 6.9395 1317 972
550 7.0736 1315 7.0728 1316 7.0721 117 7.0712 1319 990
560 7.2051 1317 7.2044 119 7.2038 1320 7.2031 1322 1008
570 7.3368 1320 7.3363 1320 7.3358 1322 7.3353 132 1026
580 7.4688 1322 7.4683 1324 7.4680 1326 7.4676 1326 1044
590 7.6010 1324 7.6007 1326 7.6006 1326 7.6002 1329 1062
600 7.7334 1328 7.7333 1328 7.7332 1330 7.7331 1131 1080
610 7.8662 1330 7.8661 1332 7.8662 1333 7.8662 1333 1098
620 7.9992 1333 7.9993 1334 7.9995 1335 7.9995 137 1116
630 8.1325 1336 8.1327 1337 8.1330 1338 8.1332 1339 1134
640 8.2661 1338 8.2664 1335 B.2668 1340 8.2671 1341 1152
650 8.3999 1341 8.4003 1343 8.4008 1344 B.4012 1345 1170
660 8.5340 1385 8.5346 1345 8.5352 1346 8.5357 1347 1188
670 8.6685 1347 8.6691 1348 B.6698 1348 8.6704 1349 1206
680 8.8032 1399 8.8039 1350 8.8046 1351 8.8053 1353 1224
690 8.9381 1354 8.9389 1355 B,9397 1355 8.9406 1356 1242
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TABLE 6.- ENTHALFY (H - E0°>/RTO OF MOLECULAR NITROGEN - Continued

NACA TN 3271

%k 1 atm 4 atm 7 atm 10 atm °r
700 9.0735 1356 9.0744 1357 9.0752 1358 9.0762 1359 1260
710 9,2091 1358 9.2101 1359 9.2110 1360 9.2121 1360 1278
720 9.3449 1363 9.3460 36 9.3470 1364 9.3481 1365 1296
730 9.4B12 1364 9.4823 1365 9.4834 1366 9.4846 1367 1314
740 9.6176 1368 9.6188 1369 9.6200 i [1) 9.6213 1370 1332
750 9.7544 1370 9,7557 BN 9.7569 13712 9,7583 1312 1350
760 9.8914 1375 9.8928 75 9.8941 1376 9.8955 377 1368
770 10,0289 137 10,0303 1 10,0317 131 10.0332 1318 1386
780 10,1665 1380 10.1680 1301 10,1694 B8 10.1710 1382 1404
790  10.3045 1383 10,3061 383 10.3075 1385 10.3092 1388 1422
800 10.4428 13988 10.4444 13994 10,4460 13999 10,4477 14005 1440
300 11,8416 14267 11.8438 14270 11,8459 14275 11,8482 14278 1620
1000 13,2683 14520 13,2708 14524 13,2734 14527 13,2760 14530 1800
1100 14,7203 14747 14.7232 14750 14,7261 14753 14,7290 14756 1980
1200 16.1950 14944 16,1982 14947 16,2014 14949 16,2046 14951 2160
1300 17.6B94 15120 17,6929 15121 17.6963 15123 17,6997 15125 2340
1400 19,2014 15274 19,2050 15275 19,2086 15277 19,2122 15278 2520
1500 20,7288 15407 20,7325 15409 20,7363 15410 20.7400 15412 2700
1600 22,2695 15524 22,2734 15525 22,2773 5526 22,2812 15528 2880
1700 23,8219 15629 23.8259 15630 23.8299 15631 23.8340 15631 3060
1800  25.3848 15720 25,3889 15721 25,3930 15722 25,3971 15722 3240
1900 26,9568 15802 26,9610 15803 26.9652 15803 26.9693 15805 3420
2000 28,5370 15876 28,5413 15877 28,5455 15878 28.5498 15878 3600
2100  30.1246 15941 30,1290 15940 30,1333 15541 30.1376 15942 3780
2200 31.7187 16000 31.7230 16001 31.7274 16001 31.7318 16001 3960
2300 33,3187 16053 33,3231 16053 33,3275 16054 33,3319 16055 4140
2400 34,9240 16102 34,9284 16103 34,9329 16103 34,9374 16103 4320
2500  36.5342 16146 36,5387 16146 36,5432 16147 36.5477 16147 4500
2600 38,1488 16188 38.1533 16189 38.1579 16188 38.1624 16189 4680
2700  39.7676 16225 39.7722 16225 39.7767 16226 39,7813 16226 4860
2800 41,3901 16259 41.3947 16259 41,3993 16259 41.4039 16259 5040
2900 43,0160 16292 43,0206 16293 43,0252 16293 43,0298 16293 5220
3000 44,6452 44,6499 44,6545 44,6591 5400
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NACA TN 3271
TABLE 6.- ENTEALPY (H - E0°) /R'I‘o OF MOLECULAR NITROGEN - Continued

°k 10 atm 50 atm 70 atm 100 atm °r

140 1.6761 1426 252
150 1.8187 1394 270
160 1,9581 1372 288
170 2.0953 1360 306
180 2.2313 1347 1.9967 1615 324
190 2,3660 1339 2,1582 1558 1.941 184 342
200 2.4999 1332 2.3140 - 1313 2.125 113 1.94 L2 360
210 2.6331 1325 2.4653 1479 2,298 166 2,14 18 378
220 2.7656 n2A 2.6132 1455 2.464 160 2,32 18 396
230 2.8977 1317 2.7587 1435 2.624 156 2.50 17 414
240 3.0294 1B13 2.9022 1417 2.780 152 2,67 15 432
250 3.1607 m 3,0439 1398 2.932 149 2,83 15 450
260 3,2918 1309 3.1837 1% 3.081 148 2.98 16 468
270 3.4227 1306 3.3232 1382 3.229 46 3,14 16 486
280 3.5533 1304 3.4614 1372 3.375 144 3.298 150 504
290 3.6837 1303 3.5986 1365 3.519 143 3,448 148 522
300 3.8140 1302 3,7351 1359 3,662 141 3.596 147 540
310 3.9442 1300 3.8710 1353 3.803 140 3.743 145 558
320 4,0742 1299 4,0063 1347 3.943 140 3.888 144 576
330 4,2041 1298 4,1410 1345 4,083 139 4.032 142 594
340 4,3339 1298 4,2755 1340 4,222 138 4.174 142 612
350 4,4637 1298 4,4095 1337 4,3600 1374 4,316 141 630
360 4,5935 1298 4,5432 1335 4,4974 1369 4,457 140 648
370 4,7233 1297 4,6767 1329 4,6343 DA 4,597 18 666
380 4.8530 1298 4,8096 131 4,7707 1361 4.736 139 684
390 4,9828 1297 4,9427 1329 4.9068 1358 4.875 138 702
400 5.1125 1299 5.0756 1327 5.0426 1354 5.013 138 720
410 5.2424 1298 5.2083 1325 5.1780 1351 5.151 138 738
420 5.3722 1300 5.3408 1326 5.3131 1351 5.2892 1374 756
430 5.5022 129 5.4734 B2 5.4482 1345 5.4266 1365 774
440 5.6321 1302 5.6057 1325 5.5827 1348 5.5631 1368 792
450 5.7623 1302 5.7382 13 5.7175 1343 5.6999 1362 810
460 5.8925 1303 5.8705 1325 5.8518 1344 5.8361 1362 828
470 6,0228 1305 6.0030 1325 5.9862 1342 5.9723 1361 B46
480 6,1533 1306 6,1355 1325 6.1204 1344 6.1084 1360 864
490 6.2839 1308 6.2680 1325 6.2548 1343 6,2444 1350 882
500 6.4147 1310 6.4005 1327 6.3891 1343 6.3802 1359 900
510 6,5457 1310 6.5332 1327 6.5234 1342 6.5161 1357 918
520 6.6767 1314 6.6659 1329 6.6576 1344 6,6518 1359 936
530 6.8081 1314 6.7988 1330 6.7920 1345 6,7877 1356 954
540 6,9395 317 6.9318 1332 6.9265 1345 6.9233 159 972
550 7.0712 19 7.0650 1332 7.0610 1346 7.0592 1358 990
560 7.2031 B2 7.1982 135 7.1956 1348 7.1950 1360 1008
570 7.3353 B3 7.3317 1336 7.3304 1348 7.3310 1359 1026
580 7.4676 1326 7.4653 139 7.4652 1351 7.4669 1363 1044
590 7.6002 1329 7.5992 1340 7.6003 1351 7.6032 1361 1062
600 7.7331 1331 7.7332 1342 7.7354 1353 1.7393 1363 1080
610 7.8662 1333 7.8674 1346 7.8707 1355 7.8756 1365 1098
620 7.9995 1337 8.0020 1347 8.0062 1358 B.0121 1368 1116
630 8.1332 1339 8,1367 1349 8.1420 1357 8,1489 1368 1134
640 8.2671 1341 8.2716 1351 B.27717 1361 8.2857 1B& 1152
650 8.4012 1345 8.4067 154 B.4138 1364 B.4226 1371 1170
660 8,5357 1347 8.5421 1356 B.5502 1365 8,5597 B4 1188
670 8.6704 1349 8,6777 1359 8.6867 1368 B.6971 375 1206
680 8.8053 153 8.8136 1361 B.8235 1368 8.8346 1378 1224
690 8.9406 1356 8.9497 1364 8.9603 1374 8.9724 131 1242
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TABIZ 6.- ENTHALPY ( E - EOO) /RTO OF MOLECULAR NTTROGEN - Concluded

NACA TN 3271

oK 10 atm 40 atm 70 atm 100 atm °r
700 9.0762 1359 9.0861 1366 9.0977 1313 9.1103 1381 1260
710 9.2121 1360 9.2227 1369 9,2350 1377 9.2484 184 1278
720 9.3481 1365 9.3596 1373 9.3727 1379 9.38B68 1386 1296
730 9.4846 1367 9.4969 nBn 9.5106 181 9.5254 1388 1314
740 9.6213 1370 9.6342 1378 9.6487 1384 9.6642 1391 1332
750 9.7583 1372 9.7720 1380 9.7871 1386 9.8033 1392 1350
760 9.8955 1377 9.9100 1382 9.9257 1390 9.9425 1395 1368
770 10.0332 1378 10,0482 1385 10,0647 1391 10.0820 1398 1386
780 10,1710 1382 10.1867 1389 10,2038 1394 10.2218 1400 1404
790 10,3092 138 10.3256 1391 10,3432 1397 10,3618 1402 1422
800 10.4477 14005 10,4647 14058 10.4829 14108 10,5020 14157 1440
900 11,8482 14278 11.8705 14326 11.8937 14359 11,9177 1439 1620
1000 13,2760 14530 13,3025 14563 13.3296 14595 13,3573 14624 1800
1100 14,7290 14756 14,7588 14781 14,7891 14806 14,8197 14832 1980
1200  16.2046 14951 16.2369 14974 16,2697 14994 16,3029 15014 2160
1300 17,6997 15125 17.7343 15143 17.7691 15160 17,8043 15178 2340
1400  19.2122 15278 19,2486 15293 19,2851 15308 19,3221 15321 2520
1500 20.7400 15412 20,7779 15424 20,8159 15438 20,8542 15450 2700
1600 22,2812 15528 22,3203 15539 22.3597 15549 22,3992 15558 2880
1700  23.8340 it 23,8742 15640 23,9146 15649 23,9550 15659 3060
1800 25,3971 15722 25,4382 15731 25,4795 15738 25.5209 15745 3240
1900 26,9693 15805 27,0113 15811 27.0533 15819 27.0954 15825 3420
2000 28.5498 15878 28,5924 15384 28,6352 15889 28,6779 15895 3600
2100 30,1376 15942 30.1808 15947 30,2241 15952 30.2674 15958 3780
2200 31,7318 16001 31.7755 16006 31.8193 16016 31.8632 16015 3960
2300 33,3319 16055 33,3761 16058 33,4203 16063 33,4647 16065 4140
2400 34,9374 16103 34,9819 16107 35,0266 16111 35.0712 16115 4320
2500  36.5477 16147 36.5926 16150 36,6377 16153 36,6827 16156 4500
2600 38,1624 16189 38.2076 16192 38.2530 1619 38,2983 16196 4680
2700 39,7813 16226 39,8268 16228 39.8723 16231 39,3179 16234 4860
2800 41,4039 16259 41.4496 16262 41,4954 16264 41,5413 16265 5040
2900 43,0298 16293 43,0758 16295 43,1218 16296 43,1678 16298 5220
3000 44,6591 44,7053 44,7514 44,7976 5400



NACA TN 3271
TABLE 7.- ENTROPY S/R OF MOLECULAR NITROGEN

%k 0.0L atm 0.1 atm 0.4 atm 0.7 atm °r
106 23.8092 3338 21,5037 3344 20,1079 3364 19,5381 3390 180
110 24,1430 3046 21,8381 3051 20,4443 3066 19.8771 3082 198
120 24,4476 2801 22,1432 2805 20,7509 2816 20,1853 2826 216
130 24.7277 259 22,4237 2597 21.0325 2605 20.4679 2613 234
140 24,9873 2415 22,6834 2417 21.2930 2424 20,7292 243 252
150 25,2288 2259 22.9251 2261 21,5354 2265 20,9723 2270 270
160  25.4547 2123 23,1512 2124 21.7619 2197 21,1993 2133 288
170 25.6670 2000 23,3636 2001 21,9816 1936 21.4126 2007 306
180  25.8670 1893 23,5637 1894 22,1752 1897 21.6133 1900 324
190 26,0563 179 23,7531 1797 22.3649 1798 21.8033 1801 342
200 26,2359 1708 23,9328 1709 22,5447 1711 21,9834 1Mz 360
210 26,4067 1630 24,1037 1629 22,7158 1631 22,1546 1633 378
220 26,5697 1556 24,2666 1557 22,8789 1558 22,3179 1559 396
230 26,7253 1490 24,4223 1490 23,0347 1492 22,4738 1493 414
240 26,8743 1429 24,5713 1429 23,1839 1430 22,6231 1431 432
250 27,0172 1373 24,7142 1374 23.3269 BN 22,7662 1375 450
260 27,1545 1322 24,8516 1322 23.4643 1323 22,9037 1324 468
270 27.2867 273 24.9838 12713 23,5966 1274 23,0361 1275 486
280 27.4140 1229 25,1111 1229 23,7240 1230 23,1636 1231 504
290 27.5369 1188 25.2340 189 23.8470 s 23.2867 1189 522
300  27.6557 1149 25,3529 1149 23.9659 1149 23.4056 1150 540
310 27.7706 1112 25,4678 1112 24,0808 1 23,5206 un 558
320 27.8818 1079 25.5790 1079 24.1921 1080 23,6319 1080 576
330 27.9897 1046 25,6869 1046 24,3001 1046 23,7399 1047 594
340  28.0943 1017 25,7915 1017 24,4047 1018 23,8446 1018 612
350 28,1960 988 25.8932 988 24.5065 988 23.9464 988 630
360 28,2948 962 25,9920 963 24,6053 962 24,0452 963 648
370 28,3910 937 26,0883 937 24,7015 938 24,1415 938 666
380  28.4847 92 26,1820 912 24,7953 912 24,2353 912 684
390 28,5759 891 26,2732 1 24,8865 891 24,3265 892 702
400 28,6650 860 26.3623 869 24,9756 869 24,4157 869 720
410 28,7519 849 26,4492 849 25,0625 850 24,5026 B0 738
420 28,8368 829 26,5341 829 25.1475 829 24.5876 829 756
430 28,9197 811 26.6170 812 25,2304 811 24,6705 )31 774
440 29,0008 794 26,6982 793 25.3115 794 24,7516 795 792
450  29.0802 b 26,7775 m 25.3909 778 24.8311 ™ 810
460 29.1579 762 26,8552 762 25.4687 762 24,9088 762 828
470 29,2341 T4 26,9314 746 25.5449 746 24,9850 747 846
480 29.3087 2 27.0060 e 25,6195 72 25,0597 73 864
430 29,3819 ns 27.0792 n9 25,6927 719 25.1329 9 882
500 29,4538 705 27,1511 705 25.7646 705 25,2048 705 900
510 29,5243 [543 27.2216 692 25.8351 692 25,2753 692 918
520  29.5935 680 27.2908 680 25,9043 661 25,3445 681 936
530  29.6615 669 27,3588 669 25,9724 569 25.4126 ] 954
540 29,7284 658 27.4257 658 26,0393 &8 25,4795 658 972
550  29.7942 647 27.4915 647 26,1051 647 25.5453 47 990
560 29,8589 636 27.5562 636 26.1698 636 25,6100 636 1008
570  29.9225 627 27.6198 628 26,2334 627 25.6736 628 1026
580 29,9852 617 27.6826 617 26,2961 617 25,7364 617 1044
590 30,0469 608 27.7443 508 26,3578 608 25.7981 608 1062
600  30.1077 600 27.8051 600 26.4186 500 25.8589 600 1080
610  30.1677 590 27.8651 590 26,4786 590 25.9189 590 1098
620  30.2267 583 27,9241 583 26,5376 583 25.9779 583 1116
630 30,2850 574 27.9824 574 26,5959 574 26,0362 574 1134
640 30.3424 567 28,0398 567 26,6533 567 26,0936 567 1152
650 30,3991 559 28.0965 559 26,7100 560 26,1503 559 1170
660 30.4550 552 28,1524 552 26,7660 552 26,2062 553 1188
670  30.5102 545 28,2076 545 26.8212 545 26,2615 545 1206
680 30,5647 538 28,2621 538 26.8757 538 26,3160 538 1224
690 30,6185 532 28,3159 532 26,9295 532 26.3698 532 1242
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TABLE 7.- ENTROPY S/R OF MOLECULAR NITROGEN - Continued

NACA TN 3271

%K 0.01 atm 0.1 atm 0.4 atm 0.7 atm °rR
700 30,6717 525 28,3691 525 26,9827 525 26.4230 525 1260
710 30,7242 519 28,4216 519 27.0352 519 26.4755 519 1278
720 30,7761 513 28,4735 513 27,0871 513 26,5274 513 1296
730 30,8274 507 28,5248 507 27,1384 507 26,5787 507 1314
740 30,8781 502 28.5755 502 27.1891 502 26.6294 502 1332
750 30,9283 496 28,6257 496 27.2393 496 26,6796 s 1350
760 30,9779 490 28,6753 490 27,2889 450 26,7292 50 1368
770 31.0269 485 28.7243 485 27.337% 48 26.778B2 485 1386
780 31.0754 481 28.7728 481 27.3864 481 26,8267 481 1404
790 31,1235 475 28,8209 ATS 27.4345 475 26,8748 475 1422
800 31,1710 4498 28,8684 4498 27.4820 4498 26.9223 4“9 1440
900 31.6208 4105 29,3182 4105 27.9318 4106 27.3722 4105 1620
1000 32,0313 319 29,7287 biss] 28,3424 ks 27,7827 3719 1800
1100 32,4092 3504 30,1066 3504 28.7203 3504 28,1606 3504 1980
1200 32,7596 3268 30.4570 3268 29,0707 3268 28,5110 3269 2160
1300  33.0864 3060 30.7838 3060 29,3975 3060 28.8379 3060 2340
1400 33,3924 2879 31.0898 2879 29,7035 28719 29,1439 2879 2520
1500 33,6803 n6 31.3777 2716 29.9914 2716 29,4318 N6 2700
1600 33,9519 2570 31.6493 570 30.2630 2570 29,7034 2570 2880
1700 34,2089 2840 31.9063 2440 30,5200 2440 29.9604 2540 3060
1800 34,4529 2322 32,1503 irrd 30,7640 2322 30,2044 2322 3240
1900  34.6851 2214 32.3825 2214 30.9962 2214 30,4366 2214 3420
2000  34.9065 218 32.6039 2116 31,2176 216 30.6580 2116 3600
2100 35,1181 2025 32,8155 2025 31,4292 2025 30,8696 2025 3780
2200 35,3206 1943 33.0180 1943 31.6317 1943 31.0721 1943 3960
2300  35.5149 1866 33,2123 1866 31.8260 1866 31,2664 1866 4140
2400 35,7015 1796 33,3989 7% 32,0126 1796 31.4530 1796 4320
2500 35,8811 1729 33,5785 1729 32,1922 1729 31.6326 1729 4500
2600 36,0540 1669 33,7514 1669 32,3651 1669 31.8055 1669 4680
2700 36,2209 1612 33,9183 1612 32,5320 1612 31.9724 1612 48690
2800  36.3821 1558 34,0795 1558 32.6932 1558 32.1336 1558 5040
2900 36.5379 1509 34,2353 1509 32.8490 1509 32,2894 1509 5220
3000 36.6888 34,3862 32,9999 32,4403 5400
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NACA TN 3271
TABLE 7.- ENTROPY S/R OF MOLECULAR NITROGEN - Continued

% 1 atm b atm 7 atm 10 atm °r

100 19.1705 3420 17.607 424 16.55 ki 15.19, 153 180
110 19,5125 1099 18.031 138 17.321 406 16,72 55 198
120 19.8224 2837 18.3689 23 17.727 322 17.266 360 216
130 20,1061 2623 18,6672 219 18.0491 2844 17.626 301 234
140  20.3684 2436 18,9391 2506 18,3335 2590 17.9274 2688 252
150 20,6120 276 19,1897 2330 18.5925 - 2389 18,1962 2458 270
160 20,8396 2137 19,4227 2m 18.8314 225 18,4420 273 288
170 21.0533 2011 19,6406 2045 19.0539 2082 18.6693 2122 306
180 21,2544 1902 19,8451 1931 19.2621 1959 18.8815 191 324
190 21.444¢6 1803 20,0382 1826 19,4580 1851 19,0806 1876 342
200  21.6249 1714 20,2208 1734 19.6431 1753 19,2682 1775 360
210 21,7963 1635 20,3942 1650 19.8184 1669 19,4457 1686 378
220 21.9598 1560 20.5592 1575 19.9853 1589 19.6143 1602 396
230 22,1158 1494 20,7167 1507 20.1442 1519 19,7745 1531 414
240 22,2652 1433 20.8674 1443 20.2961 1453 19.9276 1465 432
250 22,4085 1376 21,0117 1385 20.4414 1394 20.0741 1404 450
260 22,5461 135 21.1502 1332 20:5808 1342 20.2145 1350 468
270 22,6786 1275 21,2834 1283 20.7150 1289 20,3495 1296 486
280 22,8061 1231 21.4117 1237 20,8439 1244 20.4791 1250 504
290 22,9292 1190 21,5354 1% 20,9683 1201 20,6041 1207 522
300 23,0482 1151 21,6549 1156 21.0884 1161 20,7248 166 540
310 23,1633 unB 21,7705 1118 21,2045 n2 20,8414 1128 558
320 23.2746 1060 21,8823 1085 21.3167 1089 20.9542 1092 576
330 23.3826 1048 21,9908 1051 21.4256 1054 21.0634 1058 594
340 23,4874 1018 22,0959 1021 21,5310 1025 21.1692 1029 612
350 23,5892 99 22.1980 92 21.6335 95 21.2721 998 630
360 23,6881 963 22,2972 966 21.7330 969 21,3719 97 648
370 23,7844 938 22,3938 940 21.8299 943 21.4690 946 666
380 23,8782 912 22,4878 915 21,9242 917 21,5636 919 684
390 23,9694 892 22,5793 994 22,0159 996 21,6555 899 702
400 24,0586 870 22,6687 B2 22.1055 874 21,7454 875 720
410 24,1456 849 22,7559 851 22.1929 a3 21.8329 55 738
420 24,2305 @30 22,8410 832 22,2782 B3 21,9184 05 756
430  24.3135 811 22,9242 813 22.3615 as 22,0019 816 774
340  24.3946 79 23,0055 96 22.4430 ™71 22,0835 )l 792
450 24,4741 7 23,0851 7B 22.5227 781 22.1634 ™ 810
460 24,5518 763 23,1629 764 22.6008 765 22,2416 766 828
470 24,6281 746 23,2393 748 22,6773 748 22,3182 750 846
480 24,7027 3 23,3141 733 22,7521 75 22,3932 6 864
490 24.7760 719 23.3874 721 22.8256 721 22,4668 722 882
500 24.B479 705 23,4595 706 22.8977 08 22.5390 708 900
510 24,9184 3 23,5301 ] 22.9685 694 22,6098 695 918
520  24.9877 680 23,5994 681 23,0379 682 22,6793 o83 336
530 25,0557 669 23,6675 670 23,1061 3 22,7476 672 954
540 25,1226 &58 23.7345 659 23,1732 659 22.8148 659 972
550  25.1884 548 23,8004 548 23,2391 549 22,8807 £50 990
560 25,2532 836 23,8652 637 23,3040 438 22.9457 638 1008
570  25.3168 627 23,9289 628 23,3678 &8 23,0095 629 1026
580  25.3795 817 23,9917 418 23.4306 618 23.0724 619 1044
530  25.4412 608 24,0535 9 23,4924 610 23,1343 610 1062
600  25.5020 601 24,1144 600 23.5534 601 23,1953 802 1080
610  25.5621 590 24,1744 591 23,6135 591 23,2555 592 1098
620  25.6211 583 24,2335 584 23,6726 584 23,3147 sea 1116
630  25.6794 574 24,2919 574 23,7310 575 23,3731 576 1134
640 25,7368 567 24,3493 568 23,7885 568 23.4307 568 1152
650  25.7935 559 24,4061 559 23.8453 560 23,4875 560 1170
660 25,8494 552 24.4620 553 23,9013 553 23,5435 554 1188
670  25.9046 546 24,5173 545 23,9566 54 23.5989 546 1206
680 25,9592 538 24,5718 539 24,0112 539 23,6535 539 1224
690 26,0130 532 24,6257 533 24,0651 513 23,7074 533 1242
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TABLE 7.- ENTROPY S/R OF MOLECULAR NITROGEN - Continued

NACA TN 3271

'S 1 atm L atm 7 atm 10 atm °r
700 26.0662 525 24,6790 525 24,1184 526 23.7607 526 1260
710 26,1187 519 24,7315 519 24,1710 519 23,8133 521 1278
720 26,1706 513 24,7834 514 24.2229 514 23.8654 514 1296
730 26,2219 507 24,8348 507 24,2743 508 23,9168 507 1314
740 26,2726 502 24,8855 502 24,3251 502 23.9675 503 1332
750  26.3228 496 24.9357 97 24,3753 497 24,0178 197 1350
760 26,3724 291 24,9854 490 24,4250 491 24,0675 492 1368
770 26.4215 s 25,0344 485 24,4741 485 24,1167 485 1386
780 26,4700 481 25,0829 482 24,5226 " 24,1652 a8 1404
790 26,5181 4 25,1311 475 24,5708 4TS5 24,2134 ar5 1422
800 26.5656 4498 25.1786 4500 24,6183 4502 24,2609 4504 1440
900  27.0154 4106 25,6286 4107 25,0685 4108 24,7113 4110 1620
1000 27.4260 379 26,0393 3780 25.4793 3781 25,1223 3781 1800
1100 27.8039 3504 26.4173 3505 25.8574 3506 25.5004 3507 1980
1200 28.1543 3268 26,7678 3269 26.2080 2269 25.8511 3269 2160
1300 28.4811 3061 27.0947 3060 26,5349 3061 26,1780 3062 2340
1400 28,7872 2879 27.4007 2880 26,8410 2880 26,4842 2879 2520
1500 29,0751 e 27.6887 2mne 27.1290 276 26,7721 217 2700
1600 29,3467 2570 27.9603 2570 27,4006 %71 27,0438 2571 2880
1700 29,6037 2440 28.2173 2840 27.6577 2440 27.3009 2440 3060
1800 29.8477 2322 28,4613 2323 27,9017 2322 27.5449 2323 3240
1900  30.0799 2214 28.6936 214 28.1339 2214 27.7772 2214 3420
2000 30,3013 2116 28,9150 2116 28,3553 a7 27.9986 2116 3600
2100 30,5129 2025 29,1266 2025 28.5670 2025 28,2102 2026 3780
2200 30.7154 1943 29.3291 1943 28.7695 1943 28.4128 1943 3960
2300 30,9097 1866 29.5234 1866 28.9638 1866 28.6071 1866 4140
2400  31.0963 1196 29.7100 1796 29,1504 1796 28.7937 179 4320
2500 31,2759 1729 29,8896 1729 29,3300 1729 28,9733 1729 4500
2600 31,4488 1669 30,0625 1669 29.5029 1669 29,1462 169 4680
2700  31.s157 1612 30.2294 1612 29.6698 1612 29.3131 1612 4860
2800 31,7769 1558 30,3906 1558 29.8310 1558 29,4743 1558 5040
2900 31.9327 1509 30.5464 1509 29.9868 1509 29,6301 1509 5220
3000 32,0836 30.6973 30,1377 29.7810 5400

-
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NACA TN 3271

TABIE 7.- ENTROPY S/R OF MOLECULAR NITROGEN - Continued

%k 10 atm 40 atm 70 atm 100 atm °r

100 15.19 153 180
110 16.72 55 198
120 17.266 360 12,0 28 216
130 17.626 301 14.76 98 234
140 17.9274 2688 15.74 54 13,5 B 10.0 bi 252
150 18.1962 2458 16,279 380 14.84 n 13,09 137 270
160 18.4420 2n 16.659 308 15,551 49 14,46 75 288
170 18,6693 2122 16.9669 2665 16,020 358 15.205 496 306
180 18.8815 1991 17,2334 7389 16.378 296 15.701 375 324
190 19.0806 1876 17.4723 2182 16,674 258 16.076 306 342
200 19.2682 1775 17.6905 2016 16,932 21 16,382 263 360
210  19.4457 1686 17.8921 1882 17,163 aMm 16,645 234 378
220 19.6143 1602 18.0803 1766 17.374 194 16.879 212 396
230 19.7745 1531 18,2569 1668 17.568 181 17.091 195 414
240 19.9276 1465 18.4237 1579 17.749 170 17.286 182 432
250 20.0741 1404 18,5816 1504 17.919 161 17.468 18 450
260 20,2145 1350 18.7320 1434 18.0795 1519 17.637 180 468
270 20,3495 1296 18,8754 1371 18,2314 1247 17.797 152 486
280  20.4791 1250 19.0125 1315 18,3761 1381 17.949 144 504
290  20.6041 1207 19.1440 1286 18.5142 1319 18,093 137 522
300 20,7248 1166 19,2706 1216 18.6461 1267 18.230 131 540
310  20.8414 1128 19,3922 un 18.7728 1217 18,3607 1257 558
320 20.9542 1092 19,5095 1134 18.8945 1174 18.4864 1209 576
330 21.0634 1058 19,6229 1096 19,0119 1130 18,6073 1163 594
340 21.1692 1029 19.7325 1060 19.1249 1093 18.7236 1122 612
350 21,2721 998 19,8385 1030 19.2342 1059 18.8358 1084 630
360 21.3719 M 19.9415 %98 19,3401 1025 18.9442 1049 648
370 21.4690 946 20,0413 970 19.4426 93 19,0491 1016 666
380 21,5636 919 20,1383 944 19.5419 965 19,1507 984 684
390  21.6555 89 20,2327 919 19.6384 938 19,2491 957 702
400  21.7454 875 20,3246 895 19.7322 914 19,3448 931 720
410 21.8329 85 20,4141 7] 19,8236 890 19.4379 904 738
420 21.9184 835 20.5013 51 19.9126 866 19,5283 882 756
430  22.0019 816 20.5864 832 19,9992 847 19,6165 860 774
440 22,0835 ] 20.6696 813 20.0839 826 19.7025 838 792
450  22.1634 70 20.7509 795 20,1665 807 19.7863 819 810
460 22,2416 766 20,8304 ™ 20.2472 790 19.8682 798 828
470 22,3182 750 20,9083 760 20,3262 m 19.9480 783 846
480  22.3932 736 20,9843 77 20,4033 756 20,0263 767 864
490  22.4668 722 21,0590 732 20.4789 743 20.1030 751 882
500 22,5390 708 21,1322 718 20.5532 726 20.1781 74 900
510 22.6098 05 21,2040 704 20,6258 M2 20,2515 720 918
520 22,6793 [2:] 21.2744 0 20.6970 699 20,3235 T06 936
530  22.7476 672 21,3434 680 20,7669 688 20,3941 04 954
540 22,8148 59 21.4114 668 20.8357 674 20.4635 681 972
550  22.8807 50 21,4782 56 20,9031 663 20,5316 669 990
560  22.9457 638 21,5438 45 20,9694 &51 20.5985 657 1008
570  23.0095 629 21.6083 | &35 21.0345 641 20,6642 646 1026
580 23.0724 619 21.6718 624 21,0986 30 20,7288 635 1044
590 23,1343 610 21,7342 616 21,1616 820 20,7923 625 1062
600 23,1953 602 21,7958 607 21.2236 812 20.8548 617 1080
610 23,2555 592 21,8565 597 21.2848 600 20.9165 505 1098
620 23.3147 584 21.9162 588 21,3448 595 20,9770 598 1116
630 23,3731 576 21.9750 581 21.4043 584 21.0368 588 1134
640  23.4307 568 22,0331 572 21.4627 576 21.0956 580 1152
650  23.4875 560 22,0903 565 21.5203 568 21.1536 572 ~ 1170
660 23,5435 554 22,1468 557 21.5771 561 21.2108 564 1188
670  23.5989 546 22,2025 549 21.6332 554 21,2672 557 1206
680 23,6535 539 22,2574 543 21,6886 545 21.3229 548 1224
690 23,7074 533 22,3117 537 21.7431 539 21.3777 542 1242
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NACA TN 3271

TABLE 7.- ENTROPY S/R OF MOLECULAR NITROGEN - Concluded
% 10 atm 40 atm 70 atm 100 atm °r
700 23.7607 526 22,3654 529 21.7970 532 21,4319 536 1260
710 23,8133 521 22.4183 523 21.8502 527 21.4855 529 1278
720 23.8654 514 22.4706 517 21.9029 519 21.5384 523 1296
730 23,9168 507 22,5223 511 21.9548 513 21,5907 515 1314
740 23,9675 503 22,5734 505 22.0061 508 21,6422 510 1332
750 24,0178 497 22,6239 4% 22.0569 502 21.6932 504 1350
760 24,0675 492 22.6738 494 22,1071 495 21,7436 498 1368
770 24,1167 485 22,7232 488 22.1566 491 21,7934 L) 1386
780  24.1652 482 22,7720 [t7) 22.2057 486 21.8427 487 1404
790  24.2134 ATS 22,8204 478 22.2543 a9 21.8914 [):7] 1422
800  24.2609 4504 22,8682 4521 22,3022 4539 21.9396 4553 1440
900 24,7113 4110 23,3203 4120 22.7561 2132 22,3949 £145 1620
1000  25.1223 3781 23,7323 3791 23,1693 3798 22,8094 3805 1800
1100  25.5004 3507 24.1114 3513 23,5491 3519 23,1899 3525 1980
1200  25.8511 3269 24,4627 3274 23.9010 3279 23.5424 2 2160
1300 26,1780 3062 24,7901 3064 24,2289 3068 23.8707 3072 2340
1400  26.4842 2679 25,0965 2883 24.5357 2685 24,1779 2887 2620
1500 26.7721 2n7 25.3848 79 24,8242 2722 24,4666 2124 2700
1600 27.0438 P78 25.6567 %7 25.0964 %73 24,7390 2575 2880
1700  27.3009 2440 25.9140 2882 25.3537 2444 24,9965 2445 3060
1800  27.5449 238 26.1582 27 25,5981 2325 25,2410 22 3240
1900 27.7772 2214 26.3905 215 25.8306 2216 25.4736 2217 3420
2000 27.9986 2116 26,6120 2118 26,0522 2118 25,6953 2119 3600
2100 28.21Q2 2026 26,8238 2026 26,2640 2027 25.9072 2028 3780
2200 z8.4128 1943 27.0264 1943 26.4667 1944 26.1100 1943 3960
2300 28,6071 1866 27.2207 1867 26.6611 1867 26,3043 1868 4140
2400  28.7937 1796 27.4074 1796 26.8478 1797 26.4911 1797 4320
2500 28,9733 1729 27,5870 1730 27.0275 1729 26,6708 1730 4500
2600 29,1462 1669 27.7600 1669 27.2004 1670 26,8438 1670 4680
2700 29.3131 1612 27,9269 1613 27.3674 1613 27.0108 1613 4860
2800  29.4743 1558 28,0882 1558 27.5287 1559 27.1721 1559 5040
2900  29.6301 1509 28,2440 1509 27.6846 1509 27,3280 1510 5220
3000 29,7810 28.3949 27.8355 27.4790 5400



NACA TN 3271
TABIE 8.- SPECIFIC-BEAT RATIO 7 = cp/ev OF MOLECULAR NITROGER

% 0.0 atm 0.1 atm 0.4 atm 0.7 atm °r
100 1.400 1.402 1.409 -2 1.416 -3 180
110 1.400 1.402 -1 1.407 -1 1.413 -3 198
120 1.400 1.401 1.406 -1 1.410 -2 216
130 1.400 1.401 1.405 -1 1.408 -1 234
140 1.400 1.401 1.404 -1 1.407 -1 252
150 1.400 1.401 1.403 1.406 -1 270
160 1.400 1.401 1,403 -1 1.405 288
170 1.400 1.401 -1 1.402 1.405 -1 306
180 1.400 1.400 1.402 1.404 -1 324
190 1.400 1.400 1.402 1.403 342
200 1,400 1.400 1.402 -1 1.403 360
210 1.400 1.400 1.401 1.403 -1 378
220 1.400 1.400 1.401 1.402 396
230 1.400 1.400 1.401 1.402 414
240 1.400 1.400 1.401 1.402 432
250 1.400 1.400 1.401 1.402 -1 450
260 1.400 1.400 1.401 1.401 468
270 1.400 1.400 1.401 -1 1.401 486
280 1.400 1.400 1.400 1.401 504
290 1.400 1.400 1.400 1.401 522
300 1.400 -1 1.400 -1 1.400 -1 1.401 540
320 1.399 1.399 1.399 1.401 -1 576
340 1.399 1.399 1.399 1.400 612
360 1.399 1 1.399 -1 1.399 -1 1.400 1 648
380 1.398 -1 1.398 -1 1.398 -1 1.399 -1 684
400 1,397 -1 1.397 -1 1,397 -1 1.398 -1 720
420 1.396 -1 1.396 -1 1.396 -1 1.397 -1 756
440 1.395 -1 1.395 -1 1.395 -1 1.396 -1 792
460 1.394 -1 1.394 -1 1.394 -1 1.395 -2 828
480 1.393 -2 1,393 -2 1.393 -2 1.393 -2 864
500 1.391 -2 1.391 -2 1.391 -2 1.391 -1 900
520 1.389 -2 1.389 -1 1.389 -1 1.390 -2 936
540 1,387 -1 1.388 -2 1.388 -2 1.388 -2 972
560 1.386 -2 1.386 -2 1.386 -2 1.386 -2 1008
580 1.384 -3 1.384 -2 1.384 -2 1.384 -2 1044
600 1.381 -2 1.382 -3 1.382 -3 1.382 -2 1080
620 1.379 -2 1.379 -2 1.379 -2 1.380 -3 1116
640 1.377 -2 1.377 -2 1.377 -2 1.377 -3 1152
660 1.375 -2 1.375 -2 1.375 -2 1.374 -2 1188
680 1.373 -2 1.373 -2 1.373 -2 1.372 -2 1224
700 1.371 -3 1.371 -3 1.371 -3 1.370 -2 1260
720 1.368 -2 1.368 -2 1.368 -2 1.368 -2 1296
740 1.366 -2 1,366 -2 1,366 -2 1.366 -2 1332
760 1.364 -2 1.364 -2 1.364 -2 1.364 -2 1368
780 1.362 -2 1.362 -2 1.362 -2 1.362 -2 1404

8800 1.360 -10

1383 }gig - 3 % 0.01 atm (Cont.)}

1100 1,334 -7

1200 1.327 -5 2300 1.296 -1

2400 1,295 -1

1300 1,322 -5 2500 1.294 -1

1400 1.317 -4 2600  1.293 -1

1500 1.313 -3 2700 1.292 -1

1600 1.310 -3

1760 1.307 -2 2800 1.291 -1

2900 1,290 1

1800 1.305 -2 3000 1.289

1900 1.303 -2

2000 1,301 -2

2100 1,299 -2

2200 1.297 -1

Bt higher temperatures in the 0.0l-atm pressure range
of temperature as given here.

7 1s a function only
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NACA TN 3271
TABLE 8.- SPECIFIC-HEAT RATIO 7 = cp/c,, OF MOLECULAR NITROGEN - Contimued

%K 1 atm i atm T atm 10 atm %r
100 1.424 -5 180
110 1.419 -4 198
120 1.415 -3 1.467 -15 216
130 1.412 -2 1.452 -8 1.500 -18 234
140 1.410 -1 1.444 -7 1.482 -14 1.526 -2 252
150 1.409 -2 1.437 -6 1.468 -1 1.502 -17 270
160 1.407 -1 1.431 -4 1.457 -6 1.485 -1 288
170 1.406 1.427 -4 1.451 -9 1.472 ~10 306
180 1.406 -1 1.423 -3 1.442 -6 1.462 -9 324
190 1.405 -1 1,420 -2 1.436 -4 1.453 -6 342
200 1.404 1.418 -2 1.432 -3 1.447 -6 360
210 1.404 -1 1.416 -2 1.429 -4 1.441 -1 378
220 1.403 1.414 -1 1.425 -2 1.437 -4 396
230 1.403 1.413 -1 1.423 -2 1.433 -3 314
240 1.403 -1 1.412 -2 1.421 -2 1.430 -3 432
250 1.402 1.410 -1 1.419 -2 1.427 -3 450
260 1.402 1.409 1.417 -2 1.424 -2 468
270 1.402 1.409 -1 1.415 -1 1.422 -2 486
280 1,402 -1 1.408 1 1.414 -1 1.420 -1 504
290 1.401 1.407 1.413 -1 1.419 -2 522
300 1.401 1.407 -2 1.412 -2 1.417 -3 540
320 1.401 -1 1.405 -1 1.410 -2 1.414 -2 576
340 1.400 1.404 -1 1.408 -2 1.412 -2 612
360 1.400 -1 1.403 -1 1.406 -1 1.410 -2 648
380 1.399 1 1.402 -1 1.405 -2 1.408 -2 684
400 1.398 -1 1.401 -2 1.403 -1 1.406 -2 720
420 1.397 -1 1.399 -1 1.402 -2 1.404 -2 756
440 1.396 -1 1.398 -2 1.400 -2 1.402 -2 792
260 1.395 -2 1.396 -1 1.398 -1 1.400 -2 828
480 1.393 -2 1.395 -2 1.397 -2 1.398 -2 864
500 1.391 -1 1.393 y 1.395 -2 1.396 -2 900
520 1.390 -2 1.391 -2 1.393 -3 1.394 -2 936
540 1.388 -2 1.389 -2 1.390 -2 1.392 -3 972
560 1.386 -2 1.387 -2 1.388 -2 1.389 -2 1008
580 1.384 -2 1,385 -2 1.386 -2 1.387 -2 1044
600 1.382 -2 1.383 -2 1.384 -3 1.385 -3 1080
620 1.380 -3 1.381 -3 1.381 -2 1.382 -2 1116
640 1.377 -3 1.378 -2 1.379 -2 1.380 -3 1152
660 1.374 -2 1.376 -2 1.377 -3 1.377 -2 1188
680 1.372 -2 1.374 -3 1.374 -2 1.375 -2 1224
700 1.370 -2 1.371 -2 1.372 -2 1.373 -3 1260
720 1.368 -2 1.369 -2 1.370 -3 1.370 -2 1296
740 1.366 -2 1.367 -2 1.367 -2 1.368 -2 1332
760 1.364 -2 1.365 -3 1.365 -2 1.366 -3 1368
780 1.362 -2 1.362 -2 1.363 -2 1.363 -2 140~

b800 1.360 -10
900 1.350 -9

1000 1.341 -7 °k 1 atm {Cont.)

1100 1.334 -1

1200 1.327 -5

2300 1.296 -1

1300 1.322 -5 2400 1,295 -1

1400 1.317 -2 2500 1.294 -1

1500 1.313 -3 2600 1.293 -1

1600 1.310 -3 2700 1.292 -1

1700 1.307 -2

2800 1.291 -1

1800 1.305 -2 2900 1.290 -1

1900 1.303 -2 3000 1,289

2000 1.301 -2

2100 1.299 -2

2200 1.297 -1

of tempersture as given here.

bat higher temperatures in the l-atm pressure range

y 1is a function only
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NACA TN 3271

TABLE 8.- SPECIFIC-HEAT RATIO 7 = CP/CV OF MOLECULAR NITROGEN - Concluded

%k 10 atm 40 atm 70 atm 100 atm °r
180 1.462 ] 1.723 ~65 324
190 1.453 -6 1.658 -3 1.960 -116 342
200 1.447 -6 1.622 -32 1.844 - 78 2.11 -16 360
210 1.441 -4 1.590 -25 1.766 - 58 1.95 -10 378
220 1.437 -4 1.565 -20 1.708 -8 1.85 -7 396
230 1.433 -3 1.545 -17 1.665 -3 1.78 -5 414
240 1.430 -3 1.528 -14 1.631 - 28 1.73 -5 432
250 1.427 -3 1.514 -1 1.603 - 22 1.68 -3 450
260 1.424 -2 1.503 -10 1.581 - 18 1.65 -3 468
270 1.422 -2 1.493 -9 1.563 - 16 1.62 -2 486
280 1.420 -1 1,484 -7 1.547 - 1.602 - 20 504
290 1.419 -2 1.477 -6 1.533 -1 1.582 - 16 522
300 1.417 -3 1.471 ~11 1.522 - 19 1.566 - 26 540
320 1.414 -2 1.460 -9 1.503 -1 1.540 - 20 576
340 1.412 -2 1.451 -8 1.487 -12 1.520 - 612
360 1.410 -2 1.443 -6 1,475 - 10 1.503 - 14 648
380 1.408 -2 1.437 -5 1.465 -9 1.489 -9 684
400 1,406 -2 1.432 -5 1.456 - 8 1.480 -1 720
420 1.404 -2 1.427 -5 1.448 -7 1.467 - 8 756
440 1.402 -2 1.422 -4 1.441 - 6 1.459 - B 792
460 1.400 -2 1.418 -3 1.435 -5 1.451 -7 828
480 1.398 -2 1.415 -4 1.430 - & 1.444 -7 864
500 1.396 -2 1.411 -4 1.424 - 4 1.437 -6 900
520 1.394 -2 1.407 -3 1.420 - 5 1.431 -6 936
540 1.392 -3 1.404 -4 1.415 -5 1.425 -5 972
560 1.389 -2 1.400 -3 1.410 - 4 1.420 -5 1008
580 1.387 -2 1.397 -3 1.406 - 4 1.415 -5 1044
600 1.385 -3 1.394 -3 1.402 - 4 1.410 - & 1080
620 1.382 -2 1.391 -3 1.398 -3 1.406 -5 1116
640 1.380 -3 1,388 -3 1.395 - 4 1.401 - 4 1152
660 1,377 -2 1.385 -3 1.391 -3 1.397 - 4 1188
680 1.375 -2 1.382 -3 1.388 - 3 1,393 -3 1224
700 1.373 -3 1.379 -3 1,384 -3 1,390 B | 1260
720 1.370 -2 1.376 -3 1.381 - 1.386 - 4 1296
740 1.368 -2 1.373 -3 1.378 -3 1,382 -3 1332
760 1.366 -3 1.370 -2 1.375 -3 1.379 - 4 1368
780 1.363 -2 1.368 -3 1.372 -3 1.375 -3 1404
800 1,361 -10 1.365 -1 1.369 -1 1.372 -3 1440
900 1.351 -9 1.354 -10 1.356 -10 1.359 - 12 1620

1000 1.342 -8 1.344 -8 1.346 -9 1.347 -9 1800
1100 1,334 -6 1.336 -7 1.337 -7 1.338 -7 1980
1200 1.328 -6 1.329 -6 1.330 - & 1.331 -7 2160
1300 1.322 -5 1.323 -5 1,324 -5 1.324 -5 2340
1400 1.317 -3 1.318 -4 1.319 -5 1.319 - 4 2520
1500 1.314 -4 1,314 -4 1.314 - 3 1.315 - 4 2700
1600 1.310 -3 1.310 -3 1.311 -3 1.311 -3 2880
1700 1,307 -2 1.307 -2 1.308 - 3 1.308 - 3 3060
1800 1.305 -2 1.305 -2 1.305 - 2 1.305 -2 3240
1900 1.303 -2 1.303 -2 1.303 - 2 1.303 -2 3420
2000 1.301 -2 1.301 -2 1.301 -2 1.301 - 2 3600
2100 1.299 -2 1.299 -2 1.299 - 2 1.299 -2 3780
2200 1.297 -1 1.297 -1 1.297 -1 1.297 -1 3960
2300 1.296 -1 1.296 -1 1.296 -1 1.296 -1 4140
2400 1.295 -1 1.295 -1 1.295 -2 1.295 -2 4320
2500 1.294 -1 1,294 -1 1.293 -1 1.293 -1 4500
2600 1.293 -1 1.293 -1 1.292 1.292 -1 4680
2700 1.292 -1 1,292 -1 1.292 -1 1.291 -1 4860
2800 1.291 -1 1.291 -1 1.291 -1 1.290 5040
2900 1.290 -1 1.290 -1 1.290 1 1.290 -1 5220
3000 1.289 1.289 1.289 1.289 5400
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TABLE 9.- SOUND VELOCITY B./Eo IN MOLECULAR NITROGEN

NACA TN 3271

%k 0.0l atm 0.1 atm 1 atm °r
100 .605 2 604 30 .598 32 180
110 .634 2 .634 28 .630 29 198
120 .663 27 .662 27 .659 27 216
130 .6%0 % .689 2% .686 27 234
140 716 -1 715 26 713 26 252
150 .741 24 741 24 .739 2 270
160 .765 2 .765 2 .763 2 288
170 .789 23 .789 22 .787 24 306
180 .812 22 .B11 2 .811 2 324
190 .834 2 .B34 2 .B33 22 342
200 .855 2 .B55 21 .B55 2 360
210 .B77 20 876 21 876 21 378
220 .897 20 .B97 20 .897 20 396
230 917 20 917 20 917 20 414
240 937 19 .937 19 937 19 432
250 956 b .956 19 .956 19 450
260 975 19 975 19 .975 19 468
270 .994 18 .994 18 .994 13 486
280 1.012 18 1.012 18 1.013 17 504
290 1,030 18 1,030 18 1.030 18 522
300 1.048 34 1.048 k1 1.048 34 540
320 1.082 3] 1.082 3 1.082 33 576
340 1.115 32 1.115 32 1.115 3 612
360 1.147 3 1.147 32 1.148 31 648
380 1,178 30 1.179 30 1.179 30 684
40D 1,208 30 1.209 29 1,209 20 720
420 1.238 2 1.238 2 1,239 28 756
440 1.267 28 1.267 28 1.267 Fs) 792
460 1,295 27 1,295 2 1.296 2 828
480 1.322 2 1.322 26 1,322 27 864
500 1.348 26 1.348 2 1.349 2% 300
520 1.374 F- 1.374 26 1.375 25 936
540 1,399 % 1.400 24 1.400 F+] 972
560 1.424 24 1.424 24 1.425 24 1008
580 1.448 24 1.448 2 1.449 24 1044
600 1.472 2 1.472 23 1.473 2 1080
620 1.495 3 1.495 2 1.496 2 1116
640 1.518 2 1,518 2 1.518 22 1152
660 1.540 22 1.540 22 1.540 22 1188
6B0 1.562 2 1.562 22 1.562 22 1224
700 1.584 20 1.584 20 1.584 a1 1260
720 1.604 2 1.604 2 1.605 Fit 1296
740 1.625 a 1.625 21 1.626 21 1332
760 1.646 20 1.646 20 1.647 20 1368
780 1.666 20 1.666 20 1.667 20 1404
800 1.6B6 9% 1.686 96 1.687 9% 1440
30D 1.782 90 1,782 90 1,783 90 1620
1000 1.872 86 1.872 8 1,873 8 1800
1100 1.958 B2 1,958 B2 1,959 [:] 1980
1200 2,040 k) 2,040 ™ 2.041 7 2160
1300 2.119 76 2,119 76 2,120 7 2340
1400 2.195 7 2.195 74 2.196 k] 2520
1500 2,269 ” 2.269 ” 2.269 n 2700
1600 2,341 69 2.341 & 2.341 2] 2880
1700 2.410 ] 2.410 8 2.410 8 3060
1800 2,478 % 2.478 73 2.478 [ 3240
1300 2.544 o4 2.544 o4 2.543 [ 3420
2000 2.608 & 2.608 62 2,608 63 3600
2100 2.670 61 2.670 81 2.671 [ 3780
2200 2,731 [ 2.731 4] 2.731 61 3960
2300 2,791 59 2,791 59 2.792 5 4140
2400 2.850 58 2.850 58 2.85) 57 4320
2500 2.908 56 2,908 56 2.908 57 4500
2600 2.964 55 2.964 5 2.965 55 4680
2700 3.019 55 3,019 55 3.020 54 4860
2800 3,074 53 3.074 53 3,074 53 5040
2900 3,127 52 3,127 52 3,127 s 5220
3000 3,179 3,179 3,180 5400
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NACA TN 3271
-
TABLE 9.- SOUND VELOCITY a./ao IK MOLECULAR NITROGEN - Contlnued

- K 1 atm b atm 7 atm 10 stm °R
100 .598 32 180
110 .630 2 198
120 .659 27 .646 1 216
130 .6B6 27 677 29 667 32 234
140 .713 26 706 27 .699 26 252
150 .739 2 733 26 .725 30 Jq22 28 270
160 .763 2 .759 4] 755 2 .750 7 288
170 .187 2 .784 24 .781 5 77 26 306
180 .B11 2 .808 2 .806 5] .B03 24 324
190 .B33 22 .831 23 .829 2 .827 24 342
200 .855 21 .854 F31 ,852 23 .851 23 360
210 .876 2 .a75 21 .B75 21 .B74 2 378
220 .897 20 .896 21 896 21 .896 21 396
230 917 20 917 20 917 21 917 21 414
240 .937 19 .937 20 938 20 .938 20 432
250 .956 19 .957 19 958 19 958 20 450
260 975 19 976 19 977 13 .978 19 468
270 .994 19 .995 19 996 19 .997 U] 486
280 1,013 17 1.014 18 1.015 18 1.016 19 504
290 1.030 18 1.032 18 1,033 18 1.035 17 522
300 1.048 34 1.050 k7 1.051 15 1.052 35 540
320 1.082 33 1.084 33 1.086 13 1,087 3% 576
340 1.115 13 1.117 3 1.119 » 1.121 k2] 612
360 1.148 31 1.150 31 1.152 n 1.154 31 648
. 380 1.179 30 1.181 31 1.183 3 1.185 3 684
400 1.209 30 1.212 2 1.214 2 1.216 30 720
420 1.239 28 1.241 29 1,243 29 1.246 28 756
440 1.267 ] 1.270 27 1.272 28 1.274 28 792
460 1.296 26 1.297 28 1,300 28 1.302 28 828
480 1.322 27 1.325 2 1.328 26 1.330 26 864
500 1.349 2% 1.351 2 1.354 26 1.356 26 900
520 1.375 5 1.377 2 1.380 2 1.382 2 936
540 1.400 25 1.403 24 1,405 25 1.408 24 972
560 1.425 24 1.427 24 1,430 24 1.432 24 1008
580 1.449 24 1.451 24 1.454 24 1.456 24 1044
600 1.473 2 1.475 24 1.478 23 1.480 Fsl 1080
620 1.496 22 1.499 22 1.501 2 1.503 p-] 1116
640 1.518 22 1.521 2 1,523 2 1.526 22 1152
660 1.540 22 1.543 22 1.546 21 1.548 22 1188
680 1,562 22 1.565 2 1,567 22 1.570 22 1224
700 1.584 21 1.586 22 1.589 2a 1.592 20 1260
720 1.605 21 1.608 21 1.610 21 1.612 2 1296
740 1.626 2 1.629 20 1,631 20 1.633 21 1332
760 1.647 20 1.649 20 1,651 21 1.654 20 1368
780 1.667 20 1,669 20 1,672 20 1.674 20 1404
800 1.687 96 1.689 9% 1,692 % 1.694 9% 1440
900 1,783 90 1.785 90 1.787 90 1.789 9 1620
1000 1.873 86 1.875 B6 1.877 8 1.880 [ 1800
1100 1,959 & 1.961 & 1.963 :5) 1.965 82 1980
1200 2,041 ” 2.043 1] 2.046 78 2.047 9 2160
1300 2.120 76 2.122 75 2.124 7 2.126 3 2340
1400 2.196 B 2.198 n 2.199 75 2,201 7S 2520
1500 2.269 ” 2.271 7 2,274 n 2.276 70 2700
1600 2.341 ® 2.343 & 2.345 & 2.346 69 2880
1700 2.410 68 2.412 &8 2.414 68 2.415 68 3060
1800 2.478 [+ 2.480 & 2,482 & 2.483 65 3240
1900 2.543 65 2.546 o4 2.547 o4 2.549 o4 3420
2000 2.608 63 2.610 ] 2.611 &8 2,613 62 3600
2100 2,671 &0 2,672 61 2.674 &0 2.675 61 3780
2200 2.731 61 2.733 60 2,734 &1 2.736 60 3960
> 2300 2,792 59 2.793 59 2.795 58 2.796 59 4140
2400 2.851 57 2.852 58 2,853 58 2.855 57 4320
2500 2.908 57 2,910 56 2,911 56 2.912 s7 4500
2600 2.965 55 2.966 55 2,967 56 2,969 55 4680
2700 3.020 54 3.021 54 3.023 54 3.024 54 4860
N 2800 3.074 53 3.075 54 3,077 53 3.078 53 5040
2900 3,127 53 3,129 53 3,130 52 3,131 52 5220
3000 3.180 3.182 3,182 3,183 5400

>
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NACA TN 3271
TABLE 9.- SOUND VELOCITY a/ag IN MOLECULAR NITROGEN - Concluded

% 10 atm 40 atm 70 atm 100 atm °r
150 722 28 270
160 .750 27 288
170 T77 26 306
180 .803 24 .787 3N 324
190 .827 24 .818 31 .843 Fal 342
200 .851 23 .849 27 .872 27 .94 2 360
210 .874 2 876 25 .899 b1 .96 2 378
220 .B96 21 .901 24 .924 % .98 2 396
230 917 21 .925 3 .949 3 1.00 2 414
240 .938 20 .948 22 972 23 1.02 1 432
250 .958 20 970 22 .995 21 1.03 2 450
260 .978 19 .992 21 1.016 22 1.05 2 468
270 .997 ] 1.013 20 1.038 20 1.07 2 486
280 1.016 19 1.033 20 1.058 20 1.092 18 504
290 1.035 7 1.053 19 1.078 19 1.110 19 522
300 1.052 35 1.072 1% 1.097 38 1.129 37 540
320 1,087 3 1.108 38 1,135 35 1.166 24 576
340 1.121 3 1,143 34 1.170 34 1.200 34 612
360 1.154 )l 1,177 32 1.204 32 1,234 32 648
380 1.185 3 1.209 N 1,236 31 1.266 2 684
400 1.216 30 1.240 30 1,267 31 1.298 29 720
420 1.246 28 1,270 28 1.298 Fal 1.327 29 756
440 1.274 28 1.299 2 1.327 28 1.356 28 792
460 1.302 bl 1,328 27 1,355 27 1.384 z 828
480 1.330 2 1.355 27 1.382 27 1.411 2 864
500 1.356 2% 1.382 26 1.409 26 1.437 % 300
520 1.382 26 1.408 25 1.435 Fi3 1.462 % 936
540 1.408 24 1.433 b 1.460 2 1.487 = 972
560 1.432 2% 1.458 24 1.484 24 1.512 23 1008
580 1.456 2 1.482 b2} 1.508 23 1.535 23 1044
600 1.480 2 1,505 24 1,531 2 1.558 23 1080
620 1.503 pa) 1.529 2 1.554 Pl 1.581 22 1116
640 1.526 2 1.551 22 1.577 22 1.603 2 1152
660 1.548 2 1,573 22 1.599 2 1.625 2 1188
680 1.570 22 1.595 2 1.620 z1 1.646 21 1224
700 1.592 20 1.616 21 1,641 21 1.667 20 1260
720 1,612 2 1.637 2 1.662 21 1.687 20 1296
740 1.633 21 1.658 20 1.683 20 1.707 20 1332
760 1.654 20 1.678 20 1.703 19 1.727 19 1368
780 1.674 20 1,698 19 1,722 19 1.746 19 1404
800 1.694 95 1.717 9% 1,741 94 1.765 93 1440
900 1.789 91 1.812 89 1.835 -] 1.858 1] 1620
1000 1.880 7 1.901 85 1.924 8 1.945 84 1800
1100 1.965 -3 1.986 .4 2.007 a 2.029 80 1980
1200 2,047 ™ 2.068 b 2.088 b 2.109 7 2160
1300 2,126 s 2.145 7% 2.165 7 2.185 i) 2340
1400 2.201 ™ 2,221 72 2.240 7 2.258 7 2520
1500 2.276 7 2.293 n 2,312 70 2.331 & 2700
1600 2.346 67 2.364 1] 2.382 &9 2.400 88 2880
1700 2.415 68 2.432 8 2.451 6 2.468 65 3060
1800 2,483 3 2.500 &5 2.516 &5 2.533 65 3240
1900 2.549 64 2.565 64 2.581 64 2,598 62 3420
2000 2.613 ] 2.629 & 2.645 61 2.660 =3 3600
2100 2.675 81 2.691 60 2.706 60 2.722 59 3780
2200 2.736 60 2.751 60 2.766 59 2,781 59 3960
2300 2,796 59 2.811 58 2.825 59 2.840 58 4140
2400 2.855 57 2.869 58 2.884 55 2.898 56 4320
2500 2,912 57 2.927 56 2.939 56 2.954 55 4500
2600 2.969 55 2.983 5 2,995 56 3.009 55 4680
2700 3,024 54 3.038 53 3,051 54 3.064 53 4860
2800 3,078 53 3.091 53 3.105 52 3,117 53 5040
2900 3,131 52 3,144 52 3.157 52 3.170 52 5220
3000 3.183 3.196 3,209 3,222 5400
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NACA TN 3271
TABLE 10.- COEFFICIENT OF VISCOSITY 1 /“o OF MOLECUTAR NITROGEN

ox 1 atm 10 atm 20 atm 30 atm Or
100 .413 194 180
150 607 172 270
200 779 155 360
250 934 140 450
300 1.074 129 1.079 129 1.086 128 1.093 128 540
350 1,203 120 1,208 121 1.214 120 1.221 119 630
400 1.323 114 1,329 114 1.334 114 1.340 11 720
450 1.437 109 1.443 109 1.448 109 1.453 108 810
500 1.546 105 1,552 105 1.557 105 1.561 104 900
550 1,651 101 1.657 100 1.662 100 1.665 100 990
600 1.752 92 1.757 92 1.762 9 1.765 91 1080
650 1.844 88 1.849 87 1.853 87 1.856 a7 1170
700 1.932 & 1.936 [ 1.940 84 1.943 84 1260
750 2,017 a2 2.021 81 2,024 81 2.027 B 1350
800 2.099 80 2,102 80 2.105 80 2.108 80 1440
850 2.179 78 2,182 78 2.185 78 2.188 b 1530
900 2.257 7% 2.260 b3 2,263 75 2.266 75 1620
950 2.333 7 2.335 bs ] 2.338 n 2,341 7 1710
1000 2.406 n 2.408 72 2.411 72 2.414 n 1800
1050 2,477 & 2.480 6 2.483 69 2.485 69 1890
1100 2.546 8 2,549 67 2,552 67 2.554 &7 1980
1150 2,614 & 2,616 [ 2,619 65 2.621 & 2070
1200 2,679 6 2,682 63 2.684 63 2.686 (5] 2160
1250 2,742 83 2,745 62 2,747 62 2.749 62 2250
1300 2.805 61 2.807 61 2.809 60 2.811 60 2340
1350 2.866 59 2.868 59 2.869 60 2.871 60 2430
1400 2,925 58 2,927 58 2.929 58 2.931 58 2520
1450 2.983 57 2.985 57 2,987 57 2.989 57 2610
1500 3,040 3.042 3.044 3.046 2700
% 40 atm 60 atm 80 atm 100 atm °r
300 1.104 125 1.127 11 1.154 115 1.187 107 540
350 1.229 118 1.248 114 1.269 331 1.294 105 630
400 1.347 112 1.362 110 1.380 107 1.399 104 720
450 1.459 107 1.472 106 1.487 104 1.503 102 810
500 1.566 104 1.578 102 1.591 101 1.605 9 900
550 1.670 9 1.680 98 1.692 97 1.704 13 990
600 1.769 91 1.778 90 1.789 90 1.800 8 1080
650 1.860 a7 1.868 a7 1.879 8 1.889 -] 1170
700 1.947 8 1.955 1.965 '] 1.974 82 1260
750 2.031 81 2,039 80 2.048 7 2.056 Iy 1350
800 2.112 ™ 2,119 78 2,127 78 2.135 78 1440
850 2.191 78 2.197 b4 2.205 7% 2.213 76 1530
900 2.269 ™ 2.274 T 2.281 74 2.289 74 1620
950 2.344 n 2,349 n 2.355 74 2.363 k5] 1710
1000 2.417 7 2.422 72 2.429 7 2.436 71 1800
1050 2.488 & 2.494 9 2.500 ® 2,507 68 1890
1100 2,557 66 2,563 [*3 2.569 6 2,575 65 1980
1150 2,623 5 2.629 64 2,635 o4 2,640 o4 2070
1200 2,688 63 2.693 [5) 2.699 63 2.704 82 2160
1250 2,751 62 2.756 62 2.762 &0 2.766 63 2250
1300 2,813 &0 2,818 &0 2,822 &0 2.829 &0 2340
1350 2.873 60 2.878 60 2.882 59 2.889 58 2430
1400 2.933 58 2.938 58 2,941 58 2,947 57 2520
1450 2,991 57 2.996 56 2.999 57 3.004 57 2610
1500 3.048 3.052 3.056 3,061 2700

(&
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TAELE 11.- THERMAL CONDUCTIVITY k/ko OF MOLECULAR NITROGEN

76

°g k/ko °r
100 .390 37 180
110 .427 38 198
120 .465 7 216
130 .502 36 234
140 .538 38 252
150 576 3% 270
160 612 3% 288
170 .648 3% 306
180 .684 35 324
190 719 34 342
200 .753 36 360
210 .789 24 378
220 .823 34 396
230 .857 35 414
240 .892 32 432
250 .924 33 450
260 .957 3 468
270 .990 k)] 486
280 1,021 30 504
290 1.051 30 522
300 1.081 0 540
310 1.111 0 558
320 1.141 31 576
330 1.172 30 594
340 1.202 30 612
350 1.232 30 630
360 1.262 30 648
370 1.292 2 666
380 1.321 28 684
390 1.349 28 702
400 1.377 28 720
410 1.405 28 738
420 1.433 27 756
430 1.460 27 774
440 1.487 2 792
450 1.513 27 810
460 1.540 2 828
470 1.566 26 846
480 1.592 27 864
490 1.619 26 882

o k/ko oR
500 1.645 2 900
510 1.671 26 918
520 1.697 25 936
530 1.722 25 954
540 1.747 24 972
550 1.771 24 990
560 1.795 24 1008
570 1.819 24 1026
580 1.843 24 1044
590 1.867 23 1062
600 1.890 23 1080
610 1.913 23 1098
620 1.936 bsl 1116
630 1.959 3 1134
640 1.982 s 1152
650 2.005 2 1170
660 2,027 21 1188
670 2,048 2 1206
680 2,070 22 1224
690 2.092 22 1242
700 2.114 22 1260
710 2.136 21 1278
720 2.157 21 1296
730 2,178 21 1314
740 2.199 21 1332
750 2,220 20 1350
760 2.240 19 1368
770 2.259 20 1386
780 2.279 20 1404
790 2.299 19 1422
800 2,318 186 1440
900 2.504 169 1620

1000 2,673 155 1800
1100 2.828 140 1980
1200 2.968

2160




NACA TN 3271 Tr

TABLE 12.~ PRANDTL NUMBER Npr = T]Cp/k OF MOLECULAR NITROGEN

AT ATMOSPHERIC PRESSURE

2/3 1/3 /2
K Spr (Wer) (¥er) (Yer) °R
100 .786 -8 .851 -5 .922 -2 .887 -5 180
120 .778 -8 .846 -5 .920 -3 .882 -4 216
140 .770 -8 .840 -6 917 -4 .878 -5 252
160 .762 -8 .834 -6 913 -3 .873 -5 288
180 .754 -7 .828 -5 .910 -3 .868 -3 324
200 747 -7 .823 -5 .907 -2 .865 -5 360
220 .740 -7 .818 -5 .905 -3 .860 -4 396
240 .733 -8 .813 -6 .902 -4 .856 -5 432
260 .725 -6 .807 -4 898 -2 .851 -3 468
280 .719 -6 .803 -5 .896 -3 .848 -4 504
300 L713 -6 .798 -4 .893 -2 .844 -3 540
320 .707 -4 794 -3 891 -2 .841 -3 576
340 .703 -3 .791 -4 .889 -2 .838 -2 612
360 .699 -4 .787 -3 .887 -1 .836 -2 648
380 .695 -3 .784 -2 .886 -2 .834 -3 684
400 .691 -2 .782 -2 .884 -1 .831 -1 720
420 .689 -1 .780 .883 .830 756
440 .688 -1 .780 -1 .883 .830 -1 792
460 .687 -2 .779 -2 .883 -1 .829 -1 828
480 .685 -1 77 -1 .882 -1 .828 -1 864
500 .684 -1 776 -1 .881 .827 -1 900
520 .683 .775 .881 .826 936
540 .683 1 .775 1 - .881 .B26 1 972
560 .684 1 776 1 .881 1 .827 1 1008
580 .685 1 77 1 .882 .828 1044
600 .686 2 778 1 .882 1 .828 1 1080
650 .688 3 .779 3 .883 1 .829 2 1170
700 .691 4 .782 3 .884 2 .B31 3 1260
750 .695 5 .785 3 .886 2 .834 3 1350
800 .700 1 .788 9 .288 4 .837 6 1440
900 711 13 197 9 .892 & .843 8 1620
1000 .724 12 .806 9 .898 5 .851 7 1800
1100 736 12 .815 9 .903 5 .858 7 1980

1200 .748 .B24 .908 .865 2160
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TABIE 13.- VAPOR PRESSURE OF NITROGEN
Elalues in parentheses are extrapolated
values to facilitate interpolation]
(a) For interpolation
loglo P
kofr, T, %K . (2) T, °R 72/T,
Og-1 T T og-1
mm Hg stm psia A

0.64 62.50 (1.9206) (9.0398) (0.2070) 790 7155.450* 0.64
.63 63.49 1.9996 9.1188 .2860 788 114,29 .63
.62 64,52 2.0784 9.1976 L3648 786 116.13 .62
.61 65.57 2,1570 9.2762 sl T84 118.03 61
.60 66.67 2.2%54 9.3546 .5218 783 120.00 .60
.59 67.80 2.3137 9.l4329 L6001 782 122.03 .59
.58 68.97 2.3919 9.5111 6783 781 124,14 .58
.57 70.18 2.4700 9.5892 L7564 780 126.32 57
.56 TL.43 2.5480 9.6672 L8304k 778 128.57 .56
.55 72.73 2.6258 9. 7450 .9122 ey} 130.91 .55
.5k 74,07 2.7033 9.8225 .9897 770 133,33 .5k
53 T5.47 2.7803 9.8995 1.0667 764 135.85 .53
.52 T76.92 2.8567 9.9759 1.1431 T60 138.46 .52
.51 78.43 2.9327 .0519 1.2191 756 1%1.18 .51
.50 80.00 3.0083 L1275 1.2947 753 144,00 .50
49 81.63 3.0836 .2028 1.3700 750 146.94 .49
.48 83.33 3.1586 L2778 1.4450 7 150.00 .48
A7 85.11 %.2343 .3535 1.5207 167 153.19 47
46 86.96 3.3110 4302 1.5974 T2 156.52 46
A5 88.89 3.3882 .507h 1.6746 766 160.00 45
Sk 90.91 3.4648 .5840 1.7512 7 163,64 RN
43 93.02 3.5405 .6597 1.8269 55 167.44 A3
RT-] 95.2h 3.6160 L7352 1.9024 756 17143 A2
L1 97.56 3.6916 .8108 1.9780 756 175.61 Jda
.bo 100,00 3.7672 .886k 2.0536 757 180.00 o
.39 102.56 3.8429 L9621 2.1293% 757 184.62 .39
.38 105.26 %.9186 1.0378 2.2050 758 189.47 .38
37 108.11 3.9944 1.1136 2.2808 759 194.59 .37
.36 111.11 k.0703 1.1895 2.3567 200.00 .36
| 100/T | 160/7
0.90 111.11 k.0703 1.1895 2.3567 304 200.00 0.90
.89 112.36 %.1007 1.2199 2.3871 305 202.25 .89
.88 113.64 §,1312 1.2504 2.k176 306 204.55 .88
87 114,94 4.1618 1.2810 2.14:82 307 206.90 .87
.86 116.28 4.1925 1.3117 2.4789 309 209.30 .86
.85 117.65 4, 2234 1.3426 2.5098 311 211.76 .85
.84 119.05 L,2545 1.3737 2.5409 31 214,29 - .84
.83 120.48 4.2859 1.4051 2.5723 316 216.87 .83
.82 121.95 L4.3175 1.4367 2.6039 320 219.51 .82
.81 123.46 4,3405 1.4687 2.6359 325 222,22 .81
.80 125.00 4,3820 1.5012 2.6684 331 225.00 .80
.79 126.58 gh.hlﬁl) £1.531+5) $2.7015) hl 227.85 .79
.78 128.21 L. 44g5) 1.5687) 2,7359) 230.77 .78

8Yalues bave been increaéed by 10 le'.erever necessary to avold negative mantissas.

r

<4
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TABLE 13.- VAPOR PRESSURE OF NITROGEN - Concluded
(b) Not for interpclation
P
Remarks T, %k T, °r
mm Hg atm psia
Triple Point « o « v o o v v v = & & « 63.156 9k.0 0.1237 1.818 113.681
Boiling point . . « « v & & = « & . . 77.395 760.0 1 14.696 139.311
Critical point . . « v v« + v o = o » 126.135 25h52 33.49 492.2 227.0
Solid nitrogen . « v v o &+ v + & o s 52 5.7 0.0075 0.110 93.6
54 10.2 L0134 .197 97.2
56 17.6 0232 L34 100.8
58 29.4 0386 .568 10k 4
60 47.2 L0621 .913 108.0
62 73.6 0969 1.k2k 111.6
Iiquid nitrogen . . .+ + + + & « o .« & 64 109.4 1439 2.115 115.2
66 154.1 2028 2.980 118.8
68 212.6 2797 k.10 122.4
70 287.6 L3785 5.56 126.0
T2 382.5 .503 7.40 129.6
Th 500 .658 9.67 133.2
76 643 .8yt 12.4) 136.8
78 815 1.073 15.76 1ho.k
8o 1019 1.341 19.71 14,0
82 1259 1.657 24,35 147.6
ay 1539 2,026 29.77 151.2
86 1869 2.460 36.15 154.8
88 2255 2.967 43,60 158.4
90 2697 3.548 52,1 162.0
92 3194 4. 203 61.8 165.6
9k 3752 k,937 72.5 169.2
96 4377 5.76 84,6 172.8
98 5076 6.68 98.1 176.%
100 5851 7.70 113.1 180.0
102 6708 8.83 129.7 183.6
104 7650 10.07 147.9 187.2
106 8682 11.42 167.9 190.8
108 9808 12.91 189.7 1944
110 11033 1k.52 213.3 198.0
112 12360 16.26 239.0 201.6
114 13797 18,15 266.8 205.2
116 15351 20.20 296.8 208.8
18 17033 22.41 329. 4 212.4
120 18854 24,81 364.6 216.0
122 20823 27.40 402.7 219.6
1ol 22960 30.21 ik 0 223.2
126 25287 33.27 489.0 226.8
(c) Constants for logyg P (solid) = A - B/T
Units of P A Units of T B
mnHE « o e f o« 7.65894 K . hv e e e 359.093
atm . ... e e .. 4, 77813 °R. ... . | 646.367
psia . 5.94532




TABLE 1k4.- COEFFICIENTS FOR EQUATION Z =1+ B

NACA TN 3271

2 3
P+ ClP + DlP

1
-1 -2 -
T o B, stm C), atm D, ata™> 7, °n
(a) (a) (a)

100 -0.(1)17951 -0.(3)3487 -0.(3)21663 180
110 -.(1)13778 -.(3)196k4 -.(4)37186 198
120 -.(1)10780 -.(3)11k45 -.(5)719827 216
130 -.(2)8562 -.(4)6822 -.(5)19016 234
140 -.(2)6883 -.{k)4125 -.(6)40ThY 252
150 -.{2)5586 -.(4)2kg0 -.(7)10394 270
160 -.(2)4567 -.(4)1479 .(7)88448 288
170 -.(2)3755 -.(5)842 .(6)10092 306
180 -.(2)3100 -.(5)4355 .(7)8925 324
190 -.(2)2565 -.(5)1748 AT7)T2Th 342
200 -.(2)2125 -.(7)801 (7)5727 360
210 -.(2)1759 .(6)984 (T3l 378
220 -.(2)1453 .(5)164 (7)3402 396
230 -.(2)1195 .(5)204 .(7)2594 ik
2Lo -.(3)9717 .(5)225 .(7)1968 k32
250 -.(3)790 .(5)235 <(7)1484 450
260 -.(3)631 .(5)236 J7111 L68
270 -.(3)493 .(5)233 .(8)823 486
280 -.(3)375 .(5)226 .(8)602 50k
290 -.(3)272 .(5)215 .(8)430 522
300 -.(3)183 .(5)208 .(8)298 540
310 -.{3)105 .(5)197 .(8)197 558
320 ~.(4)37h .(5)187 .(8)118 576
330 .(4)220 .(5)176 .(9)58 594
340 W) Th2 .(5)166 .(9)12 612
350 .(3)120 .(5)156 -.(9)21 630
360 .(3)160 A(5)147 -.(9)47 648
370 .(3)196 .(5)138 -.(9)67 666
380 (3)e27 .(5)13%0 -.{9)81L 684
390 .(3)255 .(5)122 -.(9)91 702
400 -(3)2719 .(5)11% -.(9)97 720
410 .(3)301 .(5)107 -.(8)101 738
420 .(3)320 .(5)101 -.(8)10% 756
430 .(3)336 .(6)948 -.(8)104 T4
4ho .(3)351 .(6)891 -.(8)104 792

Bjfumber in parentheses indicates number of

right of decimal point.

zerog lmmediately to
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TABLE 14.- COEFFICIENTS FOR EQUATION Z = 1 + B,P + C P2 + D,P’ - Continued

By, atn~l Cy, atm=2 , atm=>
T, % . 1 Dl 7, %R
(a) (2) o
450 0.(3)364 0.(6)838 -0.(8)103 810
460 A3)375 .(6)7189 -.(8)101 828
470 .(3)385 (6)T43 -.(9)98 846
480 .(3)394 .(6)700 -.(9)95 86k
490 .(3)401 .(6)661 -.(9)92 882
500 -(3)k08 .(6)623 - 29)89 900
510 (3)uk .(6)589 -.{9)86 918
520 (3)418 .(6)556 -.(9)82 936
530 (3)422 .(6)525 -.(9)79 954
540 .(3)426 .(6)497 -.(9)76 972
550 .(3)429 (6)4TL -.(9)73 990
560 (3431 A(6)4h5 -.(9)69 1,008
570 (3433 .(6)422 -.(9)66 1,026
580 (3434 .(6)400 -.(9)63 1,04
590 -(3)435 .(6)379 -.(9)61 1,062
600 (3435 .{6)360 -.(9)58 1,080
610 (3)436 L(6)342 -.(9)55 1,098
620 (3)436 (6)324 - -.(9)53 1,116
630 (3)435 .(6)308 -.(9)50 1,134
640 .(3)435 .(6)293 -.(9)48 1,152
650 (3)434 .(6)279 -.(9)k6 1,170
660 A(3)433 (6)265 -.(9)h 1,188
670 (3)432 .(6)e53 -.(9)k2 1,206
680 (3)431 .(6)241 -.(9)k0 1,224
690 .(3)429 .(6)229 -.(9)38 1,242
700 .(3)428 .(6)219 -.(9)36 1,260
710 (3)426 .(6)208 -.(9)3% 1,278
720 (3)42k .(6)199 -.(9)33 1,296
730 (3)423 .(6)190 -.(9)31 1,314
74O J3)hen .(6)181 -.(9)30 1,332
750 3)419 (6)17k -.(9)29 1,350
760 3417 .(6)166 -.(9)27 1,368
T70 a1k .(6)158 -.(9)26 1,386
780 3)412 .(6)151 -.(9)25 1,40k
790 3)410 .(6)1ks -.(9)24 1,k22

8Number in parentheses indicstes number of zeros immediately to
right of decimal point.
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TABLE 14.- COEFFICIENTS FOR EQUATION Z = 1 + ByP + ClP2 + Dlp3 - Concluded

atm-1
T, % 1
()

800 0.(3)408

850 -(3)396

900 .(3)384

950 -(3)372
1,000 .(3)360
1,050 .(3)3u8
1,100 .(3)337
1,150 .(3)326
1,200 .(3)316
1,250 .(3)306
1,300 .(3)297
1,350 .(3)288
1,400 .(3)219
1,450 -(3)271
1,500 .(3)263
1,550 .(3)256
1,600 .(3)2h9
1,650 (3)2k2
1,700 -(3)235
1,750 .(3)229
1,800 .(3)223
1,850 .(3)218
1,900 .(3)a12
1,950 .(3)207
2,000 (3)202
2,050 .(3)197
2,100 .(3)193
2,150 .(3)188
2,200 .(3)184
2,250 .(3)180
2,500 .(3)162
2,750 .(3)147
3,000 .(3)135

Dl-’ atm.-3
(a)

T, °R

o

.(9)23
.(9)18
.(9)15

9)12
.(9)10

1,440
1,530
1,620
1,710
1,800

1,890
1,980
2,070
2,160
2,250

2,340
2,430
2,520
2,610
2,700

2,790
2,880
2,970
3,060
3,150

3,240
3,330
3,420
3,510
3,600

3,690
3,780
3,870
3,960
L,050

h,500
L,950
5,400

8Number in p;;éhfheses indicates mumber of zeros immediately to
right of decimal point.
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TABLE 15.- DERIVATIVE FUNCTIONS OF COEFFICIENTS By, C;, AND Dy
dB . ac dD
e -1 X -2 1 -3
T, %K T T atm T T atm T T atm T, °R
() (2) _ (8s)
100 0.(1)49505 0.(2)2099 0.(2)4138 180
110 .(1)38528 .(2)1202 .(3)6676 198
120 .(1)30694 .(3)723%0 .(3)1ko02 216
130 .(1)2491% .(3)4509 (4)3547 234
1%0 .(1)20541 .(3)2898 . (4)1000 252
150 .(1)17158 .(3)1902 .(5)2834 270
160 .(1)14490 .25)1270 .(6)6199 288
170 .(1)12353 .(4)8%6 .(7)8163 306
180 .(1)10617 ()81 .(6)2829 32k
190 .(2)9190 .(4)394 .(6)3132 342
200 .(2)8004 .(4)265 -.(6)2855 360
210 .(2)7009 NN -.(6)2429 378
220 .(2)6167 (W12 -.(6)2008 396
2%0 .(2)5450 .(5)67 -.(6)1633 kiy
240 .(2)k835 .(5)35 -.(6)1318 Lz2
250 (2)4303 .(5)13 -.(6)1059 450
260 .(2)3841 -.(5)03 -.(7)8493 468
270 .(2)3438 -.(5)1k -.(7)6801 486
280 .(2)3084 -.(5)ez - (7)5s1 504
290 A2)2772 -.(5)27 -.(7)4348 522
300 .(2)2496 -.(5)31L -.(7)3468 540
310 .(2)2250 -.(5)33 -.(7)2760 558
320 2)2032 -.(5)3h4 -.(7)2189 576
330 .(2)1837 -.(5)3k4 -.(7)1728 594
340 .(2)1661 -.(5)3k -.(7)1355 612
350 .(2)1504 -.(5)34 -.(7)1052 630
360 .(2)1362 -.(5)33 -.(8)808 648
370 .(2)1234 -.(5)32 -.(8)609 666
380 J(2)1117 -.(5)31 -.(8)448 684
390 2)1011 -.(5)30 -.(8)318 702
Loo 55)915 -.(5)29 -.(8)212 720
410 3)827 -.(5)27 -.(8)127 738
420 53)71;7 -.(5)26 -.(9)58 756
430 3)6T4 -.(5)25 -.{9)03 e
ko (3)606 -.(5)24 (9)u1 792

B‘N1.J.'|11ber in pa.rentheses indicates number of zeros immediately to
right of decimsal point.
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TABLE 15.- DERIVATIVE FUNCTIONS OF COEFFICIENTS B,, Cy, AND D; - Continued

48, -1 dcy -2 b,y -3
T, o T T atm T T’ atm” T T’ atm T, oq
L (2) ) (8) , (a)
450 0.(3)5kk4 -0.(5)23 0.(9)76 810
460 .(3)488 -.55)22 .(8)104 828
k70 3)436 -.(5)21 .(8)125 846
480 3)388 -.55)20 8)1k42 864
490 (3)343 -.(5)19 8)154 882
500 .(3)302 -.(5)18 -(8)163 900
510 .(3)264 -.(5)17 .(8)169 918
520 .(3)229 -.(5)16 (8)173 936
530 53)196 -.(5)16 (8)176 954
540 3)166 -.(5)15 .(8)176 972
550 .(3)138 -.(5)14 8)176 990
560 .(3)112 -.(5)1k A(8)17h 1,008
570 .(4)88 -.(5)13 (8)172 1,026
580 5&)65 -.(5)12 .(8)169 1,0LL
590 -.(5)12 .(8)165 1,062
600 (4)25 -.(5)11 8)162 1,080
610 .(4)06 -.(5)11 .(8)158 1,098
620 -. ()11 -.(5)10 .(8)153 1,116
630 -.(M)et -.{5)10 .(8)1L9 1,134
640 - (3 -.(6)9 .(8)1ks 1,152
650 -.(4)55 -.26)9 .(8)1%0 1,170
660 -.(4)68 -.(6)9 .(8)13%6 1,188
670 -.(4)80 -.(6)8 .(8)131 1,206
680 -.{4)92 -.(6)8 .(8)127 1,22k
690 -.(3)103 -.(6)8 .(8)123 1,2k2
700 -.(3)112 -.(6)7 .(8)118 1,260
710 -.(3)122 -.(6)7 .(8)11L 1,278
720 -.(3)130 -.(6e)7 .(8)110 1,296
T30 -.(3)138 -.(6)6 .(8)106 1,31k
740 -.(3)146 -.(6)6 .(8)102 1,332
750 -.(3)153 -.(6)6 .(9)99 1,350
760 -.(3)160 -.(6)6 .(9)95 1,368
770 -.{3)166 -.(6)5 .(9)92 1,386
780 -.{3)172 -.(6)5 .(9)88 1,L0k
790 -.(3)177 -.(6)> | .(9)85 1,422

8yumber in parentheses indicates number of zeros immediately to right
of decimal point.

Nl
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TABLE 15.- DERIVATIVE FUNCTIONS OF COEFFICIENTS B, Cy,

AND Dl - Concluded

dB ac )
L -1 1 -2 1 -3
T, % | Tar’ ™ T o o Tao ot v, °R
() () (a)

800 -0.(3)182 -o.§6)5 0.(9)82 1,440

900 -.(3)218 -.(6)3 (9)57 1,620
1,000 -.&5)235 -.(6)2 .é9)uo 1,800
1,100 -.(3)2k2 -.(6)2 .(9)28 1,980
1,200 -.(3)243 -.(6)1 .(9)20 2,160
1,300 -.&3)2&0 -.§6)1 .§9)15 2,340
1,400 -.(3)235 -.(6)1 (9)11 2,520
1,500 -.(3)228 -.(6)1 .(10)8 2,700
1,600 -.(3)e22 0 .510)6 2,880
1,700 -.(3)215 .(10)5 3,060
1,800 -.(3)207 .(10)% 3,240
1,900 -.(3)200 .(10)3 3,420
2,000 -.§5)19u .(10)2 3,600
2,100 -.(3)187 .(10)2 3,780
2,200 -.(3)181 .(10)1 - 3,960
2,300 -.(3)175 .(10)1 4,140
2,400 -.(3)169 (10)1 4,320
2,500 -.(3)164 .(10)1 4,500
2,600 -.25)158 .(10)1 4,680
2,700 -.(3)153 0 4,860
2,800 -.55)1&9 5,040
2,900 -.(3)1Lk 5,220
3,000 -.(3)1ko 5,400

8Number in parentheses indicates number of zeros immediately
to right of decimal point.
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TABLE 16.- VALUES OF R FOR NITROGEN
Value of R
For For preésure in -
density
in - atm kg /em® mm Hg 1b/sq in.
For temperatures in °K
g/em? 2.92892 3.02624 2,225.98 4% .0436
mole /em? 82.0567 8k.78%2 62,363.1 1,205.91
mole /1iter .0820544 .0847809 62.3613 1.20587
1b/cu ft .0469168 0484755 35.6567 .089488
1b mole/cu £t | 1.31L4k2 1.35809 998.959 19.3167
For temperatures in °R
g/cm3 1.62718 1.6812k4 1,236.65 23.9130
mole/cm” 45.5870 47.1017 34, 646.1 669.947
mole/liter 0455857 .O4T71004 3L .6451 .669928
1b/cu £t 0260648 .0269309 19.8092 .383049
1b mole/cu ft . 730231 LT51495 554.976 10.7315
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TABLE 17.- CONVERSION FACTORS FOR TABIES 1, 2, 4 TO 7, AND 9% TO 11

[Molecular weight of nitrogen, 28.016 g mole'l]

(a) For tables 1 and 6
r
widster | To Reving e dimensions | Matily
(& - EOO>/RTO B - E° cal mole™t Sk, 821
(g - EO°>/RTO H - E° cal g1 19.3754
Jegl 81.0669
Btu (1b mole)_l 976.437
Btu 1071 3L.8528
(b) For tables 1, 5, and 7
To convert | Having the dimensions Multiply
ti:;i:tzg To indicated below by
cpj/R, s®/r cp°, &° cal mole ™t °K‘1-<or °c'i) 1.98719
Cp/R, S/R Cp, S cal gt %L (or °c-1) .0709305
(O - EO§Z/RT -(° - EOOE/T 5 gt %L (or oc-1) 296774
Btu (1b mole)=1 °Or-1 <or °F‘1> 1.98588
Btu 161 %L (or op-1) .0708838

8For table 9 ag = 336.96 m/sec = 1,105.5 ft/sec.
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TABLE 17.- CONVERSION FACTORS FOR TABLES 1, 2, 4 TO 7,

AND 9 TO 11 - Continued

(c) For table 4

To convert Having the dimensions Multiply
tabulated To indicated below by
value of
o/Pg ;_ g cm™> 1.25046 x 1072
mole cm™> 4 .46338 x 102
g liter-1 1.25050
1b in.”? 4.51760 x 1072
1b £t70 7.80641 x 1072
(d) For table 10
Rmsie | 7o | Tevingthe dumensons | ML
value of
q/qo 1 poise or g sec™l cm™t 1.6625 x 107*
kg hr~t m™t 5.985 x 1072
slug hr-1 £t-1 1.2500 x 1072
1b sec-t £t-1 1.1172 x 1072
1b hr-L £t-l 4.0218 x 1072
(e) For table 11
To convert Having the dimensions Multiply
tabulated To indicated below by
value of
k/ko k cal cm~l sec-l Ok-1 5.77 X 1072
Btu rt-1 nr-l Or-1 1.40 x 1072
w em-1 %k-1 2.41 x 107%
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TABLE 17.- CONVERSION FACTORS FOR TABLES 1, 2, 4 TO 7,

AND 9 TO 11 - Concluded

(f) For table 2

To convert
tabulated . To Having the dimensions Multiply
value of indicated below by
(r° - EOCD/RTO B - E° cal mole™t 542.821
. cal g1 38.7508
Jegt 162.134
- Btu (1b mole)~L 976.437
Btu 1b~1 69.7057
Cp?/R, SO/R €0, s° cal mole~l °K‘1-<or o¢-1) 1.98719
cal g1 OK'1-<or OC‘1> 141861
-<F° - EOOQ/RT -(FO - EOOJ/T 3 g1 OK-l-(or °c-1> .5935488
Btu (1b mole)"l og-1 <or OF'1> 1.98588
Btu 161 %81 (or %p-1) .141768




NACA TN 3271

a0

1 ¢ 9¢ ¢QTOMTE 0 QIO T6 PAT
€eeeeeee o T A8 T9008+H0%* 0 T9008H " 0% 33 1
gLLLLLLZ0"O £6eeeeego o 1 TGO000HG20° 0 TG000NS "2 ‘ur T ,ﬁ
TIT9C60° T ceeooge e Let6¢ T 00T wT lw
TIT9¢60TO 0 €€¢g0gec0°0 lgegto T0°0 T mw T W

pL 33 ‘uy w o Lxqus opmﬁwwwwmm.mowp hﬁ&p\,—ﬁ,ﬂz 4

T _ 1-0T #-0T 10T g-OT VI

0t T ¢-0T g-0T 1,01 Tho T

0T 0T 1 ¢-0T #-0T nT

)01 0T ¢OT 1 10T | wn T

0T 10T 40T 0T T | mw T

A
v T i i o ,_ QMMMWMM%MQ hﬂ&«%ﬂﬁ

q8uaT Jo 81Tum JO4 Adv

m.w * JSI UO pPasBq 9IB CO 1a8d TUT 9S0U3 mwm *Jax
waxg peonpoxdsx are ([) o3 (®) gqaed Ul S5I0108BJT unau_

SIINN qES XIINANDMME OL SHOLOV NOISUHANCD -°gT FTHVL



91

NACA TN 3271

T 6 962 ‘1 0L0ST9¢g" 0 oLog T9¢ ‘g P Bs T

TITTITIT O T ™t ZTHE06260° 0 2THE0 626 13 bs T

#-0T X M6RO9TL"L | _OT X frrtririr6"9 T =0T X 8G29TCH"9 | 8S2ITEH"9 ‘utr bs 1

CCE6G6T T L9gg9oL 0T 6966 61G ‘T 1 +O0T 22 T

=0T X €SB6GET"T | ¢-OT X L9GEYLO"T | 69666HST 0 #-0T T o™ 1
Pk bs 33 Bs "ut bs Ns Nsu M.Hpnw wdeMMMWMMdoMP hﬂ&.ﬁ.ﬁ:z

A

PaNUTIUO) - SIINN CHSA KFILNANBEML Of SHOIOVA

BaIB JO SATUN IO ?C

NOTSHHANOD -'gQT HIAVL




NACA TN 3271

92

9G0g9sET 0 %e SentGglc T8 T
THGTEEE0 0 60520° 19 §20°000°‘T I937T T
¢-0T X HHGTES ¢ 60520190° 0 §20000° T ™ T
T gelT L10"L1€“ge 33 o T
:-oa X 0LL0LgL"G T 29TLeL 9T *ur no T
¢-OT X CGHHTES ¢ §L££20T90°0 T ¢ T
34 02 Ur o ¢ R1qus mHSMMMWMMdoMP h_”.mﬂ\«—,ﬂﬁ
T 6eesgl ¢ 62¢°CgLe¢ 83 T
6LLTH92" O T 000°T 27T T
=0T % 6LLTH9 2 TO0‘0 T ™ T
¢6TSORT "L 2e9Te g2 22 9T¢ ‘ge 33 00 T
¢-0T X £H0062¢ "4 2-0T X 0L9869°T 0L9ge"9T *UF MO T
#-0T X LHOLTHY"2 ¢-0T X 02L6666°0 02L6666°0 (@ T
T8 10977 ™ T % T

Axque aqeiadoxdds Aq ATATITORW

sumToA Jo §3Tun Joi ()

panTuo) - SIINN qESA XIINANSMYA OL SHOLOVA NOISHEANOD -°8T HIEVL




95

NACA TN 3271

T S6TGOgN " L ¢-0T X £n0062¢ ™+ T62g6TT 0 2LgegbTI 0 Te3/AT T
9G0g9seT 0 ﬁ T =0T X 0L£0LGL"S | 28RTO9TO"0 69¢gTO9TO"0 33 n3/qT T
| l

1¢e gaL‘T T 260g9° L2 2hl6L9L2 T ‘Ut no/qr T
0224HE "8 g%92h 29 6492T9¢0°0 T 02L6666°0 /8 1
CEGHENE g Lzsgen a9 0GL2T9€0° 0 g20000° T T nau\m 1
N €«-————Tq}B3q0 03

Te3/q1 13 no/at ut no/q1 /3 nsu\ 3 Kiqus spsradoxdds Aq hﬁm.mpdsz

Aapsusp Jo s3Tun JI0d Amv

T . 9gHeTLO6 0 000¢2 ogHgT" LO6 98" HgT“L06 uog T
2TI€20T" T T ¢229° o2 e 0T 0T uog ofI3sW I
€000" 0 4-0T X £h26SS™ 4 1 CHEBGECH" O ¢H6G"ECH at T
¢-0T X 2TTL20T T -0t A L (0 AR T ¢0T M T
g-0T X 2TT620T'T | 9-0T ¢-0T X ¢229H02°2 ¢-01 T 31
«——— UTBlqe 0%

uoq Uo3 dRIIIW at 4 3 Lrqus aqetadoxdds Lq bamudsz

ggBW JO S4TUN J04 acv

penmyauo) - SIINA JHSA XIINANBAYA OL SHOIOVA NOISHHANOD -"gT ETHVL




’

NACA TN 3271

o4

T 6009502 ELNTL TS 6990£0L0° 0 0LGH0R90" 0 TELH6890" 0 ¢ L6189 *ut bs/(-am)aT T
0LCTT6HO T GoooH " G2 29TECHE0"0 2Tehe€0" 0 C6£9Q€50°0 C6°cop et B cur I
0GB9ECH6TO 0 LE6£0°0 T ¢-0T X Q60CECL T| ¢ 0T X COQLETE"T| 0T X LLZRCCC T |LCRR¢CC ‘T B wm T
g65£¢22 1T L6g56° g2 2666 C¢). T TrHRL96° 0 $99086°0 €99°0g6 mﬁu\ (*an)8 T
900969 HT 0TTeh 62 09L €l2zgco T T 06eCTO T 062 €101 me T
0¢ge06 " HT €6625°62 L190°06L 29TL6TO" T €Ce6996°0 T T xeq T
¢-0T X 0£GE0SH " T| ¢-OT X £66856°2|-0T X LT900S"L{ 9-0T X 29TLETO"T|g-OT X ££2696°0 9-0T T W/ sufp T
"ut bs/(3m)at BH ‘Ut By wm 20 (38) 3y e 1eq o0 [k m%%wwwwmmaowpﬁwmbé
aamssaad Jo s3tun Jo4 (J)

PONUTIUO) - SIINN @SN ALINANDEYA OL SYOLOVA NOISHEANOD -'gT HIVL




95

NACA TN 3271

‘USTqV], WRGg TVOOTIWIUI ‘I Iy

1 9660T° S weglonl ¢-0T X ZCRLL K| ¢.OT X 024TQ*2|  LTHO960°0 Te02 W2 (IR At 1 _ TITC 10T QLZC TOT | op-OT X GHELZT"T| me-InT T
;
) a7 b8/(*38)]T
L6926 T T T ¢-0T X €lzl2"L| (.01 X &62en"c|  62606gT 0 29" 91 0£99° 91 0902 S6T 202 C6T | 70T X 9GALT'Z ST
2-0T X #GORLE™T|¢.0T X +irirhG™9 T 2-0T X TEOG0'S! ;-OT X CCCOL ¢} ¢.OT X 6g05g2° T  Lepees'o | 6nonE< 0 L6CCCE T TEQELE" T | 47~0T X 021805°T| (-3n)ar-33 T
i
GE6n‘9R oGLCT 000096 ‘T T glesnl o e e LET 149 Lto‘tne 2601992 CCg9‘e | g-OT X Lelgée q-dq 1 '
T CK 902 “gT 9696692 THTHG " T T 9L TTHC 000098 £56°099 0001005°C 766°009°C | 00T X #9900'% Iq-AY T T
STETH" 0T 9gEon-S 9T gLL #-0T ¥ HO0E6°¢ 0T % gros6 e T 966162 T9T 25 998° 160 T ONO°CEO T | 70T X 6TORLT"T wd T
2-0T X LgTET % 50T X SrmT"2 L61go"% 1g-0T X ZPL6LLTT|g-0T X TELZYT'T| ¢ OT X 2¢R9Y6"< T #59000° T €098T" 4 HwL9gT N #7-OT X 88969™1 ™ 'L ‘I T
| g-0T X Em.ﬁ.:,m.oa X 06T 2 €60g0°% g-0T X 294QGC"T|g-0T X OC0ZYT'T| ¢.OT X €IC96°C|  gmEB66°0 1 et W, ongT #7-OT X 18€CH" % T T
i i ;
| , , |
¢-O0T X g018°6 ¢ 0T X 6LBT'S|  2p9LLL™0 1-0T X L962L°C1) OT X gLLLLL 2|, OT X gg6le6'0|  6@98Le"0 cho6sz o | T ! €9T000°T | 4q-OT X 9S62TT"T £ oy
; 4
¢-0T X w%owdﬁn.ﬁ X C6TRT'G|  THELEL'O 10T X COGRL*€| ;0T X BELLL™Z|g-0T X Rmka.oﬁ 64986270 H06E2 0 CE6666°0 T 47-0T X eLLeTT T £ equ 1 |
i ;
m
(“anba auoﬂév
0T X 08698°8| (0T X Lg209"# 0T X #TBE9°9} )OT X #CLAC'C | JOT X 99L6N°Z | 0T X GLLTC"g| (0T X +MINT'Z| 10T X MBLAT'Z| 0T X GOLE68| 70T X 95906°8 T sewm 3 T
[
. <—uTwiqo 03
o Be/(-w)ar| (. - aq-dg -nx " L . [ *eqe (rambs Bazad)| = coago Sﬂ.ﬁﬂ
-39 TT - A.u o (ras)at-as Tq-AY Ty e T 'L "I ™o P gawn 3 -oxdde Aq ATdTATOR

fArous Jo eaTun JOJ nmu

petnTmo) - SLING CHSH KLINEND@LL OF SHOLOV NOISWAANGO =gT FIOVI



»
»

—
7
2 I
A T =0T % geT6CE T #-0T X L9G6C2™T 1¢8%0°2 20966° TT 6666'TT  igr-OT X 9LLGG6 T T-Ev Toqum aawm T
<
(&)
M 00°0L0°g T 0££000°T 1890°¢e2 2706 ‘96 TLIC‘96  |zp-OT X T@Ge09°T| STOSTOW/A-UOI3ORT? 0T T
I
,. 1
werloo‘g 0L9666°0 b G 090‘¢e 69196 € Ggh 96 27-0T X 266109"T STNOSTOW/A“U0I308TD "898 T |
i
£LQENC|0 ¢-OT X génEs n ¢-0T X THYEL T CCgT N oI N L 7-0T X 06916°9 atom/Teo T
_
2-0T X 6629%¢"g ¢-0T X L6290 T ¢-0T X 6669€0°T SH06£e™ 0 T C9T000"T |} 1-0T X €29099°1 sTow/[ Ut T
2-0T % TSI9%°8 -0 X 980950°T ¢-0T X L2950°T 9006¢2°0 G£g666°0 T 47-OT % 64€099° T atow/[ rsqe T ¢
|
| |
¢OT % Tg6%0°¢ 10T % LToW2"9 0T X 222’9 9TOT X Am:mn:.awmﬂo._” X HQTE0" 9| 70T X £ge209 T smmoeTom/8ae T |
7 \ | |
1 # |
f | |
7 A.Tauv aTnosTOm/A-U0I305Ta *JUT| aTnosToW/A-U0I305To 88 , otow/[ 'Bqe  STMosTOW/B10 S UTEIA0 03

JIqQUNU BARA

| |

sTow/ T80 f srom/f -quy ”

|

(K1que ageiadoxdde Lq LdyzTpW

1

|

96

f3s9me reTnoaTow Jo 84TUN Jod (Y)

panuTauo) - SLINA QESA XILNENDIMI OL SHOIOVL NOISHEANC) -*8T TIHVL



13L

97

NACA TN 3271

*S9TQBL Wed3g TeUOTIBUIAUL ‘' "Iy

1 ﬂ 1 #59000° T 60981 4 #L98T ¢ do aT/nad T
1 | - T +$9000° T , Co9gT % 4L9gT 4 0, B/T8 °1 ‘I T M
k : I
IHE666°0 , 9HE666°0 T cegT Y ohgT 4 Do /180 T :
6gggse° 0 6988%2 "0 CHO6LZ* 0 1 G9T000" T J0 3/F "3uT T
64898¢e°0 i 679gc2 0 9006£2"° 0 Geg666°0 T 00 3/0 *sqs T
: “«——UTB3qo0 O
do aT/mag 0 B/T® 'L I 0o B/TE0 9o 8/0 Ut 0o 3/F "sqe i3m0 079 e mp EQEH.::
, 9aa8ap aad fBasus ofJroads Jo S3Tun Jo0g Anv
"SITQBL Wes3§ TBUOTFBUIANUL ‘°f ‘I
T 9GGECE0 6TECECS 0 geses e Léges e qr/nad T
g1 , T 759000° T | €09gT" 4 419914 3/180 ,°0 ‘I T
Ceggel T THE666°0 T ¢CoT % oMBT | 8/Ted T
0000¢H "0 6988se"0 GH06£2° 0 T G9T000" T /¢ squr T
62662h "0 W 6188%2" 0 9006£2° 0 €E8666°0 T 3/f *sqe 1 _W
i
‘ | <———— U180 03 T
qQr/nag B/180 §°L I 3/1eo 3/F -qur 3/F -sqs | A1qus sqeradosdds Aq ATATRTOR

i

PANUTRUO) - SIINN CESH XILNANDEML OL SHOLOVY NOISHEANOD -°gT FIEVI

L£3Ious opJroads Jo sgyun J04 (7)



NACA TN 3271

98

2-0T % TgoT 4y ;0T X MmeT" L 1 ¢-0T % gnie e ,n-oa X LT | £-OT X €86€°2| 10T X $599°T| g-0T X 6££9°9 -0t X LG66C w‘o.n X 2T 4] ¢ 0T X GEET 7 |1.0T ¥ |EET & -3 - Har
0T % L62L7€| o.0T X A£E9"g | {OT X 0002°T| ,.0T X BlLLL'2 |5.0T % .nomm.: g-0T X 6LLG"2|p-OT X £RS6"T|,,.0T X 190" T} ) 0T X L4ET'L| 0T X 2860°C|5.0T X €096 €096 1-"9F .34 Har
20T X 6QTTT | ¢.OT X 2066°2 | (0T X 0009°€| 50T X £CLC°g | OT X ZBGH'T | .01 % 6£€9°8| -OT X 8966°C|,.0T X €QOT"¢|, 0T X CGET'2}, 0T X CLTIG™T| 10T X 2ggn'Tf (0T 2e8n 1| 1.33 008 qr
(OT X L2H€'T | 5.0T X TOT'E | ,OT X 002" T Z0T % BSBL T | 40T X 09€0°T| ;.OT X GH6T'L|.0T X 624°¢| ¢.0T X TOBG 2| -OT X 0T28"T| 0T X LRL T| (0T X gegL’ T} 1. "TF 1298 Har
BgTG L -0 % SOML™T | 0T X T6T7°2| (0T X 8665°G T 10T X 9T08°¢} £ 0T x 65201 0T X 9880°2| 0T X 710G T 0T X L6T0°T T LT X T - %8 &
10T X 0968°T | 0T X 0000°€ | 0T X g69T 1| (O X 0296 | gOT X 'Le2l'T 1 ¢-OT X 9m6°9| (0T X T009°¢| 0T X TO0G'Z| (OT X ALEL'T| (O X Leel'T| (0T X LEel'T 23 Sat
0T X 2998°T | 40T X 661E" | 0T X fM00°9| 0T X 6686°T | gOT X T2gn"2 | 50T X 0OM"1 1 OT X THET'G| (0T X 0009°C| (O X OTEG'Z[ 0T X TRgN'2 [yr0T X TeEW'2|  o."91 M 4ar
¢OT % 0009°¢ 2-0T X CE€C g | (OT X £g5T°T 2199°2 20T X 084" 20T % §-0T * 06261 T ¢-0T % Smé" 9[0T X €288 1| 0T X 088L 1 { 0T X oRBL N 5-33 998 dqy
(0T X OMgT'S OT X 0002°T | ;0T X 6199°T| 0T X 6098°% | 40T X L46@"9 | 2-0T X 00007 ] 4.0T X BLLLZ} Z0T X 00T T 0T X GOEO"LY 40T X LN6R"9 | oOT X Ly6Q'9|  g-'UF 2% N
| 4
(OT X €EUE°L | 1-0T X p9OL’T | (OT X ¢eig’ 9T6N"C 2OL X 190876 ! .01 X $689°C| 5.0T X OT66'E 2gno’e | z-0T X #eeH'T 1 20T X L90g"6 | 40T X L9096 2-10 298 73
g9T6 L 20T % SOML'T | 50T X T6T'2| ¢ 0T X 866674 T 10T X 9T08°G | £ 0T % 6620 %[ OT X 988072 0T X HOGK"T| 0T X LETO'T T S0T X 1 ss10d
2-0T X QRTE"L| .01 % GOl T 62 ¢-OT % BE6C°S 2-0TX T £-0T X 9T08°C |1 7-OT X 6620" ¥ |¢ 0T X 9g80°2| ;0T X WOGH"T|-0T X LETO'T| 20T X T T est0d U8
.mn. i hﬁ hﬂ i €— urEIqe 0%
" - mys -t _oes B - - SR -4 Q-1 ) R _oas Mg WO QT S e gt Gy _1J oee T} . Uy deg T _u 093 43 sa10d agyod1ua) Kaqus ajeiad
-3 -4 ATE |- ¢ T8 |83 -7 AT fr. 7oy 1098 M |pma ¢.08 z 2 2 2 2 orddn fq ATOTATNH

£378008TA Jo sjyum acf (W)

PEPNTOUC) - GIINA JESA KLINENOGMS OL SHOIOVA NOISHEANOD -*@T FIEVL




99

NACA TN 3271

n

006 IEOVY 8 9LZ 0% 0z, 1£°09%  ¥8°9T1 v oS 1c708 ¥8 9L 00¢ 09t 69°68- 91 €L~ 002 08T 69%°6L2- 91 SLI- 001
69 668 Ov¥y  19°92Z  £B86Y 69°61L 09z  19°981 €866 69 '6ES 08 1992 £8 662 69 'S¢ 00T~ € ‘Eu- £8°661 69 6.1 0g92- E€LELl-  £BBE

068 TEDE¥Y  BZIZZ VY YEY 0T, IE"0SE  BZ'1Z1 %% '¥6E 0g6  180L 8z 12 ¥ V6T 05t 697601~ 2L°8L- ¥ p61 04T 69°'68%- 2ZL'BLI-  ¥E'¥6
69 681 ofy T1°18Z LT YV 69 °60L Osg  11°1T1 LB EEE 69 625 ol e L2 62 69 6¥€ OTT~ 68°8L- -2 '¥8L 69 691 062~ 68°8L1-  .2°V6
69°.88 00 °8Z¥ 0zg 91 E6¥ 69°.0L DO 8¥E 92T 91 E6E [er4 97T '£67 €9 °LYE 00°211- o0g~  91°E61 69°L9T 00262~ 0gI- 91°€8
00°0T 81| pprggg  TE°ZEY  ¥B-9IZ o6y | 00°ZOL  1E°Z¥YE  ¥BUSIL L 06€ ¥8°91 062 | 00°Z¥e €9°LII- 9l g8- 06T 00°Z91 69°L82- 9I°'C8L- 06
vi's |t ogg 1£°0zv  EL'STZ  ©8°88¥ 00, TE'OVZ  EL'STT  68°BSE £ 's1 66 882 oYt 697611~ 12'¥8- 68 881 09T 69°662- L2°¥8I-  68°§8
gg'g o1 | 69°6.8 oT¥  98°GTZ  TL'SEY 69 669 Oy 96°SIT 2L '88E 95 ‘51 2L°882 69 "6EE 0ZT- ¥y ¥8- zL 881 697651 00t ®H°p1-  zL'88
0/g 1E'0l%  21°01C  EE'EBK 069 1E'0ET  LU'OIT  EE'ESE Lot £ "E8T Off se'621- E£8'68- EE EBY OST 69°60E- E£8°88[1- ££°EB
€68 |51 | 69°698 oty o) AN R -1 4 69 689 otz OTT  91°es8E ot 9T "EBT 69 "6ZE oLT~ o6~ 91 ‘€8T 89 °6¥1 oT¢- 06T- 91°EB
gL:L ¥ | 00°¥98  1E°vO¥ %8902 ogy 00°'¥89  IE°¥ZE bR 001 0gt ¥e 9 0ge 00 °'$ZE 69 SET- 91'E6- 08T 00 ¥¥1  69°GIE- 91 EGT- 0g
22 |81 09¢ 1E'00%  Z9°VOL WL LLY 089 1£°022  39°¥OT 8L LLE 29 % 8L°LLZ Get 69°6ET-  BE’SB- 8LLLY OV 89°6IE- BE'SEI-  BLLL
69658 o0t  ¥PVOT  09°LLY 69°6L9 o YRURO1 08°LLE vy 09 L2 69 "61E O¥T-  95°S6- 09°LL1 89661 02t~ 95°SeT-  09°LL
L5°9 |ZT | 897158 00 'T6E oce 69°1L9  00°212 00T  91°€L [¢] 916y 69 °TIE DO '8Y1- 00T~ 91°€a¥ 69°1€1 00 "9ZE- 002~  91°EL
e |11 .0Sg  1£°06E 90 661 049 1£°DIT 9066 2T TLE ¥g - 2221 OT€ 6976bI- ¥6001-  22°2L1 OfT 69°628- %6°00Z- 2Z'EL
95°c {51 | 69-6v8 '0GE 68861 69 699 0TS 6886 S0 °ZLE 11 $0°2L2 69 "60E 0$T- 1T1°T0T-  $0°2LY 69621 of¢- 117108~ ©0°ZL
00°9¥8  IE'9BE  ¥8 96l 00°999 T£°90Z %8 96 22 81°¢- 042 00°'905 69 €ST- ST E£0T- 04T 00°92T 69 €€6- 91 E0Z- 0
i00°S |8 oyg 1E0BE  15°€61 099 1€°00T  T1S'ES 19 '988 6% "9~ 18992 00f 69 °6S1- 6901~  19°991 OTT 69 °'68€- 6%°902-  L9°99
w3 le | gorgep 0gf  €£°'€61 69 "659 002 EELE6 6% '99¢ 199~ 6% 992 59 ‘66T 09T~ L9°90T-  6¥°997 89611 OvE~  19°'50Z- 698
68°E (L | gorppm 00 iE 06T 69°ES9 00 '¥61 06  9TE9E 0T~  91°g92 69 °66Z 00 991~ OTT~ 91°£81 69°ETT 00 '9¥E- oTg- 91°€8
e | 0fg 1E0.E 567187 059 TE°061 568 11198 50°21-  10°78¢ 062 897691~ SO'ZII- 11191 OTT 69 °6¥6- S0°21z- T1°19
aL'g |o | 697628 0LE  BL°L8T 69 °6¥9 06T 8LL8 ¥6 'DOE T2el-  pE 08T 89682 OLT~ ©T'Bll- %6097 69601 0S¢~ 22°'T1T-  ¥6°08
gzg |v | 00°8Z8  YE'89E  ¥R°9MT 00'8%¥9 TE°8BT  ¥8 98 09¢ 97 61~ 092 00°98Z  69°TLT- 91 'ETI- 091 00°801 69 °1SE- 91 °ETZ- 09
02g 15086 Ob 781 ov9  1£°081 0% Z8 95 '5SE 09°L1~ 95766 089z 69°6L1- 09°LIT~ 95 °gST 00T 69°6SE- 09 L¥g- 9%°CC
19°1 lg | 89618 09t  22°T8l 69 °6£9 fol=1 S £ 2 4] 8€ ST 8L°L1-  BESSE 69 °8LT 08T~ 8L L1~  8E'SST 69766 096~ 811  BE'SS
111 |g | €s'si@ 0O '9SE 08T 65°SE9 00 °9LY 08  SI'ESE Oz~ 917€5E 69°GLZ 00 $81- OZT~ 91 ¢St 69°66 00 ¥9E- 0gg- 91°€§
950 ' 1 01g 18°0SE  ¥e'8LT .08y TETOLL ¥89L 05¢€ 91°¢2- ose Ole 69°68T- 91 'E21- 051 06 69696~ 91 °PZz- o8
; 63608 05§ 99941 69 °p29 0Lt 19'8L  £B'B¥E £€°62-  £8°6¥2 69 692 06T- €£°EZT-  £B'6¥T° 69 68 0Lf- EB’E2ZZ-  £8'6F
Do Tc 00g 1EOVE  BZ1LI 0zy  YE08T  8TIL ¥R WE £L°82- ¥V VYRE 092 69°661- T9'BZT-  BY VL 08 69 °6LE- ZL'88Z- ¥V ¥
69 66 ovE  TT7ILY 89618 coT  Ii'TL L2 ¥E 68°82-  LT°W¥E 69 652 002~ 68 °BZI-  L2°'¥¥1 69 °6L 0gt- 6B '8ZZ-  LT'VH
Mo (Mo | e9°28L 00 °8EE 04T 89°L18  00°g§1 ol 9TE¥E of- 91892 69°.ST 00 °20Z- OfT~  91°€%1 69°LL 00 °Z8E- ofe~ 91°€p
00°Z6L  1£°TEE  ¥E 991 00°Z18  T£°Z§1  wR'99 e 91 €€~ O¥Z | 00°IST 69°.0Z- 8T EEI- ovt 00°BL 69 °L8E- 91 €EE- ov
* 064 TE'OEE  EL°S9Y 019 ILest LS9 68 '9E¢ 12°%E- 68 96T 052 69°'60Z- LZ PET- 6B '8El 0L  59°6BE- LB'VEE- 68 8
0°8T[ 0T | gg-6sz 0tt 957591 69 °609 05T 95789 zL8ee $H°VE-  ELUBEZ 69 °6¥2 012~ %% ¥E1-  EL’BET 6969 058~ ¥¥°¥ER-  ITL'8E
z'91 6 0§, 16708 L1091 009 IEO¥1  L1'09 €8 €8¢ 8766~  BE EEZ O¥c 69612~ EB6EI-  EEEET 09  69'65€- 68682~ EE EE
vl s | eseu 0z€ 091 49 669 orT 09 erEee OF-  51EER 69 "6£2 oze- ovI-  9i-EE1 89 °68 o0 o¥z- 91 °EE
921 2 00°¥LL IEFIE ¥E9CT 00°¥6S  IE'RET  ¥E 9GS .omn 9T g% ote 00°'¥EZ 69 'SZZ- 9T E¥I- OfT 00°¥S 89 °COB- 91 E¥Z- ot
0ld  18°0TE 29 °#SY 055 TEOET 29 ¥S 8L 12t 8€°SY-  8L°L2T ofz 69°6ZZ- BE'SPI- 917221 05  69°60b- BE'S¥Z-  8L°L2
801 9 | 89'69L OTE ¥y ¥St 69 °689 _OfT  wWbS 09°LTE 95 G- 09 .22 69 622 ofz- 9S°S¥I-  09°221 69 6% OT¥- 8S°6¥2- 09742
06 5 | 69°'1sL 00 ZoE 05T 68°185 00 ‘2T 05 o1 ‘€2E 91 '€2¢ o9 122 00 'BEE- 0ST- 91 'ez1 89°1%¥  00°BIP- o5z 91 E2
z' ¥ 09, 18008 90 °6b1 085 1£°021  90°6¥ 22 3T $6°0S- 22282 022 69°66Z- ¥6°0ST- 2T Ll OY  69°B1¥-  ¥6°0SZ- ZZ 2T
69 'BSL 00t 68 'B¥L €9 818 ogl  68'8b S0 °22€ 11716~ 60222 69 612 O¥e- T1°IS1- 60 °221 69 '6€ 0gy— 117182~ 0L
¥ € | op'ss.  1e£°9627 ¥R ORI 00945  1€°91T  ¥E°9% vzt 91 €5~ 0ZZ | 007912 69°E¥Z- B €S- ozl DO'9E  69°€TY- 91 °EST- oz
9'€ T 0S4 1£°062 TS EWL 05 TECOIT IS'EW 19°91€ 6¥°95- 19791z OTZ 69°6¥2- BY ‘951~ 19911 0f  69°62¥- 6¥'95Z-  L9°91
8 |1 &9 '6¥L 062 E£'E¥T 69 696 £€ 'EY v 91E 1895  T¥°91C 69 602 052 197951~  E¥9TI 6962 OtP~ 15°952-  6b 91
69°€bL 0O %82 o144 69 €95 oy STEIE 09~ 91 €1Z 68 °20Z 00 °962- 09T-  81°€TL 69°€Z 00 ‘9ER- 09z-  e1°gl

do |00 Ovl  1E'OBZ S8 °LEl 096 56°LE 1111 s0'ge- 11118 00z 69°682- 60 °'TYT- Tt 02 69°6E¥- 50'ZSz- 11°I
. 69 "6EL oge 8L L1 6966 00T  8L°LE ¥6 01E 22°29- Y6012 69 661 092- 02 °29T- 96017 69 61 OFv- 22°282- %601
Yo Mo | goge, 1e'ez  ver9Ll 00°8SS  1£°86  ¥8'9% 244 91°€9- 0Tz | 00°861 68°192- 91 °'E91- oTT 00°81 69 IPb- 91'E9Z- 01
0f4  18°0L8 0¥ 2L 0ss 1806 . O%ZE 95 "S0E 08°29-  95°502 06T 60°692- 09°L9T- 95 'GOT OT 69 °6b»- 19°292- §5°G

69 '62L olz 2T TEl 69 °6¥S 06 2WTE 8E "S0E BL°29-  BE'S0Z 69 °681 042~ 8L°291-  BE'SOY 69°6 05v-  BLTL9Z- BE'S

69°52L 00992 ofT 69°5¥S 00798 of  stgog 04~ B1°E0Z 69981 00 pLE- 04T~ 91’801 69°S 00 "pSE- Ole~ 9t'E

0z 18088 ¥e'9zi ovs  1£°08 ¥8 92 19 91 EL- 002 08T 69 'BLg- 9T ELI- 00T 0 69°65b- 91 °E/T- 0

Ho do TS o 4o Je Ao % * Yy 40 B Yo Yo 4q Do Mo

TIEVL NOISHHANOOUAINT MINTVWHAJWIL -*6T TILVL



NACA TN 3271

100

—
008t I£OVET BB REL QOOT D29T IE'091L ¥R SER 006 Orvl 1086 ¥89TS 0o 09¢T  1£°008 e SE¥ 004 OgOT 15008  ¥8 OLE
89 "s6Ll OPET  L9sEL KB 8eE 89 6191 O9TT 1998y €886 N 096 L9°9TS €8 86L L9 "8SET 00§ 19°'9ZY £ B89 £9°6L01 029 19 °9ZE
06(T  TE'OESI  STIZL ¥V Péd OT9T TE£°0SI1  §T1Z9  ¥¥ 169 CE¥T  1E°DL6  RZIZS  ¥Y¥BEL 0$2T  TE'0BL BT IEY  Y¥'¥E9 0LOT TEOY8  BE'TZE
89 69L1 0EET  11°1TL LD ¥BS 696081 CATT  T171Z9  LE'¥E3 80 "6THT 046 T1°1TS LBU¥BL 89 6% Q6L 11°1E¥ LT Y69 896901 o019 1rUiEE
89 'L8LT DO "@XEY 02  BI'E6S £9°L0ST OO BYIY o0zy Bi'Ees 69°LZVT 00 896 0% BrEsL 897V Y 00°BBL 02¥Y  91°t89 69°4901 00 ‘809 oz€
ou'0T | 91 00'zeLl 1€ ILET ¥ LIL 066 nozae: 1€ EYIT ¥E 919 268 00°2Z¥T  1£°Z94  ¥E 9IS 064 00°Z¥YEY  IE°ZEL ¥R 9TH 069 | oo-gsor 1€°709  weCGIE
wee | 08T  I€°0ZET  EL'S1Z €8 °B98 0091 iEOVIT  EL'S1B o0 ewd O2¥T  1£°096 EL'GIS 68 °B8L OvZT  TE08L  ELUSTY 68 '8B9 090T 1£°008  EL'SIE
e | o1 88 621 02€1 96 'STL  EL'BES 8976651 OPTT 86§Ty LiUBeR 698181 096 96'S16  TL98L 69 "6€21 094 95°SIv  TL'889 69 ‘8601 00§ 95 SIE
o4lT  1ECOIRT L1°0T. SR ERWe 65T TECETT rivhis EE°Eee OTPT  T1E'0§8 L1015  EERSL O£TT  TE'OLL  LT°OTY  EE'ER9 050T 1£°068  LUDIE
cee | o1 69 "68L1 1434 (72 11 13 895861 oerT olg 91°%es €9°60¥1 056 0Ts ST EEL 69 'sLel OLL oT¥  91°E89 69 '6¥01 065 OTE
e | oc PeLl  TECROET VB WOL 996 0D¥BEL  F BIIT XB U809 088 00 ¥OFI  IEYES  ¥B'90S 084 00 ¥ZZ1  IE¥SL VB 80 089 | OC'¥¥OT I1S°¥BS  ¥8 90T
ve L I 09LT 1€ °00E1  £9°¥WOL  BLULS 0gsT 1E0TIT 9 .vS 8LLi8 OUYT  1£°0¥E  Z9¥GS BLULLL 02ZZT  1€°09L TR YO¥ 8L LLY Ot0T 17085 T9 WUE
€ "854l QOET  ¥H¥OL 02 L6 697681 QZTL Yy '¥08 08 'LLE 65 °68E ¢ Svh YYWS  09°LiL 89 612! 09, YrYOY  09°'L19 29 ‘8801 ogs  vrvoE
99 [ 4 8971581 00 "ZeL: 004 WiELB 69 °TL8T DGR 009  BICLE B9 '18€1 00266 FW5 BUELL Bp 11T 00 °ZSL 00r  BUEL9 69 1E0Y 00 TS 00¢
s 11 054T  15°08LT 90’668 BT LAR OLGT 1€ DITL 90'eBS  2T°LLE 06ET 127086 90 66Y  TT TLL OTZT 1£°05. 90°88E 2T 'ZL9 00T (E°0LS 90 86T
es's | 01 6% 6¥LT D6ET  seREs  SU'TLE 696951 OTTT  68'365 se’l.8 69 "68€T 0f6 68'86¢  SCTLL 89 80T 044 6BRREE SO °ZL9 69 6207 oLS 8866z
00 oret  TE'99TT  ¥E DEY LY 509961 1E°S0%!  H2 98 0LB 00°98€T  IE°9LE  ¥9°96¥ (77 00°90T! £ °S¥L  ¥8'BES 049 | 00°'98OT 1T°995  ¥B 968
vo's |6 oviT  TE£0BET (5 EE9 L9996 095T T1£°0ATI  YC°E6S L9998 0gtT  1EOEE  TS'E6%  L9'9%L 00ZT IED¥.  TS'EBE L9999 0207 1£709% 16 °T€Z
Wy |8 69 8FLT 0gET  EEE6R €Y 998 89 6857 OSTT  EE°E6S  8¥ 998 89 'BLET 026 EEESY BV 9SL 69 "6611 O, KE'TEE 6% 999 69 €101 094  EE’E6T
e8E | & By EELT OV WUET 069 91598 6% 'ESST 00 ¥O( 065 91°T99 89 °ELE1  00°'¥18 o6y  BUEIL 69°C6TT 00 WEL 06€  91'E9S | 89 EI0T 00 '¥§§ 062
. OELT  IS-0LET  S6°ue9 T 198 06T IE°NLOT  GE7LES 11198 0LET 18018 SE°BY  T1'lsy 06TT  1C'DEL 5B 117199 OTOT 16°0S§  §6°i82 117188
T 4 69 "8ELL 02T  8BL'i89  ¥E708S &9 °6¥5Y 20T 8Li8S ¥BU099 89 "69€Y OT6  WL'IBY  ¥ETO9L 696811 OfL BLILRE Y809 696001 056 BL'L8Z  ¥6'0BS
LT |8 00 °ZTLT  ICTOET U598 0% 06°8¥ST 1801 ¥R 9RS 098 00°'89ET  1E’806  Yu98Y 09 00°'88TT  IEGEL Y8 °'9RE 099 | ooBoor tkUeYs  ¥eost 095
L GZLT  1§°09LT  o¥'Ze 95 °SS6 o¥et 10807 O¥ZRS  9SS4E OoyfiT 1€°006 OP°ERY 9GS 'SSL OBTT 1L'0ELL  O¥'Z8C  9S75G9 00T IC0YS  O¥'ZBZ 95 °$8C
11 |8 ep elLt 0927 TEI8Y  BEsNE 89 8651 0goT  ZrEec ek Uoee 69 '8SE 1 D06 ZEE@Y  BE'SSL 89 °8L11 0B TrTES WENSY €9 °668 OrS  trTeL  9ES5S
Tt M 89 °SILT 00 9SL1 089 9lfce B9 SEST 005201 .omm. 91°¢58 69 °§S5T  00°968 0gy  9U’ESL 89°6L11T 0D 9TL 0Bt 9159 68°C86 00 '9€S 08z  91°t5§
o |1 CTLT  IE'OSET  ¥B'BAD 056 OfST 1£ L0l  ¥EUOLN 058 0SET 1806 ¥RU9LY osd OLIT  1E0IL  ¥RU9LE 059 066 1E0ES  ¥R'BLT 08$
o9 ‘8041 05Tl 99N (e 8% 'SEST GuOT  83°9L6  ER'EPE 69 6M 1T 06g ¥Ry EB6YL B9 89T OTL  99'9is  £eR'6¥ 99 '686 0f5 99°9lZ £0'8¥S
% | 4o O04T  TEOYET  BLUlLe Y pEe 0XT '£°080F BECILS HY WG OFET  ISORE  BT'ILY  WEMRL 09TT  TR00L BEILE  ¥Y PO 0g6  1S°0Z§  8TL  VH WSS
60 6651 OFZT  T1TTLD EWRE o6 81§y 00T  T1°TLE L2 'VE 68 "6SET opg  TITLE  uT'YRL B9 °BS1Y 004  TT°TLE LT'YYD 89 '6L6 0Z& 11T LTRSS
Mo | Yo 69 °L69T 00 ¥sL1 D45 BUEYE €8°LIST 00 "350! 0L5  91ENE 69 °L68T 00 3iR oLy 9UEYL B9 LSIT  00°WE9 [YASN 1844 4] 69°LLE 00 81§ 0Lz 91°E¥S |
00°zaet  IETETU  v9 098 oré 00°'TIS1  1€°2S0T %9799 org 00°'ZSST  IEILR ¥B9RY or 00°TSIT  I6°CEY  ¥E9ec ovy | 00°BL8 18715 ¥e'gez ovs
069T IEOSEI  £.°S99  68°9ES GTST 16870501  EL'595 OB 'wid OCET  16°0.8  SL°69Y  @8°9CL OSTL 167089 EL'S9E 6889 046 V501§ EL'§ST 6B °ELS
o8t | o1 [ENTH 0fST  95°599  TLUBLE 4978051 20T 95595 ZLU9ER 69625 T 0le 959y  ELUSL 69°691T 069  95°S9E  TL9ED 69 69 0T6  #E°S9T TLRES
291 | @ 0g9T  IS0TZl L1099 S °FEE Q05T TE'0OT 117086 EE'SER p2ZCr  E098  LTD9Y  SCEEL DYTT IS'OB® L1705  EE'SED 096 TE'CCS  A1°09T S8 GRS
syl e o 8L 149 099 9rges 89 "66¥1 ,.9.3 vSn o1 nma 89 °8IL. 09 99 9IEEL 898611 089 09 91889 69 ‘66 00s 092 91°SES
e 00°¥81  TEYIET V87049 0f6 | 0o°¥CPI TE'FEOL  ¥R°99S OB | oo'rifr  IECKSE $8U9SH otL 00°VEI1  TEBLY  VENSE 0f9 | o0°'¥se  TE'vEY  ¥BI9SC 0€5 -
L 0L9T  IE'OTET  29°¥S®  9L°LI6 06¥T 1€ GEOT  BYWSS WL LES OTET 157088  T9°'¥SY 8L LB OETT  1E'0L9  ZO'¥SE  9i°LL9 056 18°06% T VST 9L LES
eor | 9 69 6997 OTZT  »¥7¥59  O9'izé 89768y 1 0F0T  #¥7¥ss 0.8 69°60C1 058 YPYSY 08 uBL TRAR 0L9 ¥¥'RSE  09°LE9 69 6V 06 ¥ ML 09°LIS
o8 . 69 1991 00 TOLIT 059  91°KTE 85 °18¥1 00 %O ‘omm a1 °5c8 89 °10£1 00 'TWVR (<4 218 1) 89111 DO 'Z99 08¢ e1tER 60°1%8 00 'Z6Y 052  9I1EZS
eL | 099T  1T00TI  s0°6yY  TT'ETE 0gYT 1£°0201  90°8¥g  EZ 228 00ET  16°0VE  90'A¥Y  ET'ZEL OZTT  15°099 9O '6¥E L 'XLY Ov6 108 90 E¥C  TEL LTS
R 00ZT  88°8¥9 SO IS a9kl G20T e8'#VE  $0°TL8 89 "96L1 ovg  6Y'BKY  SOELEL 898111 099 89°9¥C S0 ITH 69 ‘858 OBy  SB’E¥E %0 °ITS
s [ ] 009891 IE9ETI  YE 99 o6 00I'SL¥T  TE°910T VB '9¥YS 023 00°96CT  IS°9ER 89NV o DOCRIIT  IS°9S9 ¥ 9¥E 029 007956  TE°9LY  WETIVE o
”e L4 069T  TE'OSIT  1SCYS  L979lE OLYT TE'DINY ISR 19918 06T  1C7088  ISTEYY  LOTOTL OTIT C0S9  TS'S%C  19°919 0f6  TEOLY  ISTEVE LR 9IS
| e 1 89 8981 Q6TT  £S°L¥  T¥79IE 88 '69¥1 OTOT  SES¥s  I¥eIR [N 4 0fg KE'EYF  1¥UOTL ap 6011t 0% SEEVE  I¥ 919 69628 ot EEEYT IV 9IG
B9 °SHIT DO YEII o¥9  et'gis 69 'E9¥T DO ¥001 oYy  ALEIR 69°69CT DO YES ovr  sikIL 89°E0IT 00 ¥HS ot 9T EIY 68°8Z6 00 '¥9Y ovz 91°EIS
do | Do oFgT  T€°0BIT SeTuER T171Te 09vT 1£°0001T  $6°L8  VI'TIR o8zt 1s°0%@  S6LEY  11°TIL 0OTT 1E0¥S  SECLLE TTCIM9 0z6 1E°DIF  SBLEZ  1TICIMS
X1 ORTT  eL'i89  veule 69 "85y DOOT 247186 ¥8'0'8 v 6.2t 028  BL'L8Y  ¥8°0IL 696801 O¥9  BLUUE  YE019 69 '6t8 09% 9L LE% Ve 'DIS -
N | X 00°'SEST  TE-PLIT 8 °ORP 016 DO 'BS¥Y 1€ 'k66 9 '9TS 48] 00 BT IE°RIR YUY ou 00°860T (£ RTS8 & 'HET 019 00 918 IS'ESY YR STT (1344
of9T  1E°0LIT  ov'TE® 997508 OSYT - 1E'066 0% °IES 95 °s0@ 0LZT  TE'DI8  OPEEY 957502 060T 1E°0fg  OFIET 95509 OT6 1£°'05F  O¥IEL 95 °S0S
TN {3 CLTT  ZE'TISh 95 508 4% "8¥¥1 066 Zz°78S  BKCSOR [T 44 Org 3IT'TEF  WE°SOL 9 °6601 0t9 ZZ'TEE BRSO 9800 05y TT'LET 8L 50§
69°919T 00 '9RIT ot9 917508 69 °S¥¥1 00 "s€6 0% 91°t08 89 'SOET 00’908 oty s1°S0L 60 °S90T 00 9T9 otE 91°v09 69°506  00°9FY ofz 91t0s
0Z9r 160911 veTY 006 oYyl 1t 088 ¥9°92¢ 008 092ZT 187008  ¥9 '9TH 004 080T 18-0C® %8 9EC 009 006 15-ory  ¥e oLl 0%
o, F Jo Ao %o do Do Xo o, do Do No H, Ao o Ao ¥, Ay o2y No

papnTouo) -~ WIEVL

NOISYHANOOYAINT MENIVIAIAAL - 6T TI4VL



NACA TN 3271 - 101

TABLE 20.- CALORIMETRIC ENTROPY OF NITROGEN VAPOR AT BOILINRG POINT

Calculation using 77.32° K as bolling point

5 or So,
Boilling point, entropy Source
Sk units
(a)
§ for liquld 77.32 19.07L (1}
_ 113)2.9 calfmole
Svapcr = 77.)20 K 17.259 - (1)
S for vapor T7.32 36.313 £ 0.1 (1)
P50 for gas T7.32 36.L16 {1}
s° .8 0.103
P50 gor gas 77.32 36.373 (2)
8° -5 0.060
Calculstlion using 7'{.)140 X as bolling point
5 for liquid T7.52 19.074 (1)
S (77.3%° K) - S (77.32° K) for liquid 0.004 (1)
S for liquid T7.34 19.078 (3)
1,320 cal/mole
Svapor = b= _',7.51‘0/‘( 17.067 -067 ()
8 for vapor T7.34 36,145
b .0
s° for gas 7734 36.375 (2}
.8 0.230
Calculation using 77.335° K as boiling point
S for liguid 77.32 19.074 (1)
5 (77.395° K) - 8 (77.32° K) for liquid 0.013 (1)
S for liguid T1.395 19.087 (4)
Syapor 17.079 (5)
S for vapor T7.395 36.166
P g0 for gas 77.395 36.380 (2)
s° -8 0.214
8° - § estimated from Berthelot equation 0.22 (1)
3° - 8 estimated from present correlation 0.125P + 0.008P2 + 0.’{7?5
Calculation using 77.395% K a8 boiling point with S based on
heat of vaporization of Furukawa and McCoskey
5 for liquid 77.395 19.087 (1), »
Syapor = 1!55?"’ czl{mole 17.270 (6)
77.395° K
S for vapor T1.395 36.357
k]
8° for gas 77.395 36.380 (2)
s° -5 0.023

8(1) Giauque and Clayton (ref. 39).
2) Tsble 1.
3) Friedman and White (ref. 40).
k) Hoge and King.
5) Adjusted from value based on reference 40 observing constant factor in pressure.
6) Furukawa and McCoskey {ref. b41).

bComput,ed from spectra. ’
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Figure 1.- PVT data for gaseous nitrogen.

Values for temperatures in °K.

(Hyperbola at bottom of figure shows vertical displacement due to a

l-percent error in PV/RT.)
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Figure 3.- Dependence of specific heat upon pressure. Data of Workman
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Figure 8.- Effect of dissociation on enthalpy of nitrogen.
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Figure 11.- Departure of high-pressure measurements from table 1O.

T=1
Percent departure, ———<81C x 100.
Meale
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Figure 13.- Deviations (observed minus calculated) of vapor-pressure data
for nitrogen.
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